
Journal of Physical and Chemical Reference Data 9, 295 (1980); https://doi.org/10.1063/1.555619 9, 295

© 1980 American Institute of Physics for the National Institute of Standards and Technology.

Evaluated kinetic and photochemical data
for atmospheric chemistry
Cite as: Journal of Physical and Chemical Reference Data 9, 295 (1980); https://doi.org/10.1063/1.555619
Published Online: 15 October 2009

D. L. Baulch, R. A. Cox, R. F. Hampson, J. A. Kerr, J. Troe, and R. T. Watson

ARTICLES YOU MAY BE INTERESTED IN

Evaluated Kinetic and Photochemical Data for Atmospheric Chemistry: Supplement VI. IUPAC
Subcommittee on Gas Kinetic Data Evaluation for Atmospheric Chemistry
Journal of Physical and Chemical Reference Data 26, 1329 (1997); https://
doi.org/10.1063/1.556010

Evaluated Kinetic and Photochemical Data for Atmospheric Chemistry: Supplement I CODATA
Task Group on Chemical Kinetics
Journal of Physical and Chemical Reference Data 11, 327 (1982); https://
doi.org/10.1063/1.555664

Evaluated Kinetic, Photochemical and Heterogeneous Data for Atmospheric Chemistry:
Supplement V.   IUPAC Subcommittee on Gas Kinetic Data Evaluation for Atmospheric
Chemistry
Journal of Physical and Chemical Reference Data 26, 521 (1997); https://
doi.org/10.1063/1.556011

http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/test.int.aip.org/adtest/L16/222900553/x01/AIP/HA_WhereisAIP_JPR_PDF_2019/HA_WhereisAIP_JPR_PDF_2019.jpg/4239516c6c4676687969774141667441?x
https://doi.org/10.1063/1.555619
https://doi.org/10.1063/1.555619
https://aip.scitation.org/author/Baulch%2C+D+L
https://aip.scitation.org/author/Cox%2C+R+A
https://aip.scitation.org/author/Hampson%2C+R+F+Jr
https://aip.scitation.org/author/Kerr%2C+J+A
https://aip.scitation.org/author/Troe%2C+J
https://aip.scitation.org/author/Watson%2C+R+T
https://doi.org/10.1063/1.555619
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/1.555619
https://aip.scitation.org/doi/10.1063/1.556010
https://aip.scitation.org/doi/10.1063/1.556010
https://doi.org/10.1063/1.556010
https://doi.org/10.1063/1.556010
https://aip.scitation.org/doi/10.1063/1.555664
https://aip.scitation.org/doi/10.1063/1.555664
https://doi.org/10.1063/1.555664
https://doi.org/10.1063/1.555664
https://aip.scitation.org/doi/10.1063/1.556011
https://aip.scitation.org/doi/10.1063/1.556011
https://aip.scitation.org/doi/10.1063/1.556011
https://doi.org/10.1063/1.556011
https://doi.org/10.1063/1.556011


Evaluated Kinetic and Photochemical Data for 
Atmospheric Chemistry 

D. L. Baulch 

Department 0/ Chemistry, University 0/ Leeds, Leeds LS2 9JT, England 

Atomic Energy Research Establishment, Harwell, OXll ORA, England 

R. F. Hampson Jr. 

Kinetics Data Center, National Bureau 0/ Standards, Washington, D.C. 20234 

J. A. Kerr (Chainnan) 

Department o/Chemistry, University 0/ Birmingham, Birmingham B15 2TT, England 

J. Troe 

Institute/or Physical Chemistry, University o/Gottingen, D3400 Gottingen, West Germany 

R. T. Wat50n 

Jet Propulsion Laboratory, Pasadena, California 91103 

This paper contains a critical evaluation of the kinetics and photochemistry of gas 
phase chemical reactions of neutral species involved in middle atmosphere chem
istry (1~55 km altitude). The work has been carried out by the authors under the 
auspices of the CODATA Task Group on Chemical Kinetics. Data sheets have been 
prepared for 148thermal and photochemical reactions, containing summaries ofthe 
available experimental data with notes giving details of the experimental proce
dures. For each reaction a preferred value of the rate coefficient at' 298 K is given 
together with a temperature dependency where possible. The selection of the 
preferred value is discussed, and estimates of the accuracies of the rate coefficients 
and temperature coefficients have been made for each reaction. The data sheets are 
intended to provide the basic physical chemical data needed as input for calcula
tions which model atmospheric chemistry. A table summarizing the preferred rate 
data is provided, together with an Appendix listing the available data on enthalpies 
of formation of the reactant and product species. 

Keywords: Air pollution; atmospheric chemistry; chemical kinetics; data evaluation; gas phase; photo
absorption cross section; photochemistry; quantum yield; rate coefficient. 

Contents 

Page 

1. Preface ...................•...................... 296 
2. Guide to the Data Sheets . . . . . . . . . . . . . . . . . . . . . . 296 

2.1. Thermal Reactions .... :................... 296 
2.2. Conventions Concerning Rate Coef-

ficients ..................................... 297 
2.3. Treatment of Combination and 

Dissociation Reactions .................... 297 
2.4. Photochemical Reactions ................. 298 

© 1980 by the U.S. Secretary of Commerce on behaH of the United 
States. This copyright is assigned to the American Institute of Physics 
and the American Chemical Society. 

0047-2689/80/020295-99/$10.00 295 

2.5. Conventions Concerning Absorption 
Cross Sections ............................. 298 

2.6. Assignment of Errors ..................... 298 
2.7. OeD) Reactions ..... ... .............. ..... 298 

3. Atmospheric Chemistry ........................ 299 
3.1. Introduction ............................... 299 
3.2. Stratospheric Chemistry-The Ozone 

Layer ....................................... 299 
3.3. Tropospheric Chemistry .................. 299 
3.4. Trace Gas Reactions ...................... 300 

a. Reactions of HOx •••••••••••••••••••••• 300 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 



296 BAULCH ET AL. 

h. Reactions of NOx •••••••• ••••••• ••••••• ~U\J 
c. Reactions of CIOx ...................... 300 
d. Reactions of BrOx ••••••••••••••••••••• 300 
e. Reactions of FOx. ....... ...... . . . ..... . 301 
f. Reactions of CH

4 
••••••••••••••••••••••• 301 

g. Reactions of SOx' .......... ~.......... . 301 
4. Data Sheets ..................................... 302 

4.1. Reactions of Ox .. ........ ..... ............ 302 
4.2. Reactions of HO,r ... .-..................... 311 

1. Preface 

In 1977 the CODATA Task Group on Chemical Ki
netics was charged with producing a set of critically 
evaluated rate parameters for reactions pertaining to 
atmospheric chemistry. Emphasis was given to those 
reactions bearing on the problems associated with the 
possible depletion of ozone in the stratosphere, and the 
primary aim was to furnish the kinetic data for atmos
pheric modelers. 

In compiling the list of reactions for consideration, we 
have drawn heavily from previous evaluations and com
pilations, notably from (i) the NASA Reference Publica
tion 1010 [1],1 (ii) N.B.S. Technical Note 866 [2], (iii) 
N.B.S. Special Publication 513 [3] and the recent eval
uation of CIOx reactions by Watson [4]. 

The list of reactions is limited to those of neutral spe
cies in the stratosphere and the natural (i.e., unpolluted) 
troposphere. Reactions of hydrocarbons are limited to 
those species containing one carbon atom only. Back
ground notes on the types and classification of atmo
spheric reactions are given in a subsequent section deal
ing with atmospheric chemistry. 

We have prepared data sheets on the kinetics of the 
chemical reactions and on the photochemistry of the 
neutral species which are presently considered to be 
important or which should be looked at in middle atmos
phere chemistry. The format of the data sheets is inter
mediate in detail between the types of data sheet pro
duced by Baulch and co-workers (5lat Leeds and those 
by Johnston and Garvin [6] at the National Bureau of 
Standards. 

The Task Group met in a series of working sessions, 
the last held in May 1979, to put the manuscript in final 
form prior to its submission for publication. The last 
meeting at which new data were considered was held in 
December 1978. At that time the Task Group considered 
only data published in the scientific literature, pre prints 
of journal articles, and significant new results presented 
at open scientific meetings. 

2. Guide to the Data Sheets 

The data sheets are of two types, (i) those for the 

thermal reactions and (ii) those for the photochemical 
reactions. 

I Numbers in brackets indicate literature references. 
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2.1. Thenna. Reactions 

The data sheets begin with a statement of the reactions 
including all pathways which are considered feasible. 
This is followed by the corresponding enthalpy changes 
at 298 K, calculated from the enthalpies of formation 
summarized in Appendix I. 

The available kinetic data on the reactions are sum
marized under three. headings, (i) Absolute Rate Coeffi
cients, (ii) Relative Rate Coefficients and (iii) Reviews 
and Evaluations. Some of the earlier data summarized in 
previous evaluations have been omitted. except where 
the data have a direct bearing on the preferred data 
selected here. Under all three of the headings above the 
data are presented as absolute rate coefficients. If the 
temperature coefficient has been measured the results 
are given in a temperature-dependent form over a stated 
range of temperatures. For bimolecular reactions the 
temperature dependence is expressed in the normal 
Arrhenius form, k = A exp( -C IT) where C = E IR. For 
pressure-dependent combination and dissociation reac
tions an alternative non-Arrhenius temperature depend
ence is used which is discussed more fully in a subse
quent section of the introduction. 

Single temperature data are presented as such· and 
wherever possible the rate coefficient at 298 K is quoted 
directly as measured by the original authors. This means 
that the listed rate coefficient at 298 K may differ slightly 
from that calculated from the Arrhenius parameters 
determined by the same authors. Rate coefficients at 
298 K marked with an asterisk indicate that ~he value was 
cal~ulated by extrapolation of a measured temperature 
range which did not include 298 K. 

The data listed under Reviews and Evaluations are 
from the most recent source if that source contains the 
same recommendations as earlier reviews. 

The tables of data are supplemented by a series of 
comments summarizing the experimental details. For 
measurements of relative rate coefficients, the com
ments contain the actual measured ratio of rate coeffi
cients together with the rate coefficient of the reference 
reaction used to calculate the absolute rate coefficient 
listed in the data table. The absolute value of the rate 
coefficient given in the table may be different from that 
reported by the original author owing to a different choice 
of rate coefficient of the reference reaction. Whenever 
possible the reference rate data is that preferred in the 
present evaluation. 
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The preferred rate coefficients are presented, (i) at a 
temperature of 298 K and (ii) in temperature-dependent 
form over a stated range of temperatures. 

This is followed by a statement of the error limits in 
log k at 298 K and in (E IR) for the temperature range of 
the preferred rate coefficient. Some comments on the 
assignment of errors are given later in this introduction. 

The "Comments" on the preferred values describe 
how the selection was made and give any other relevant 
information. The extent of the comments depends upon 
the present state of our knowledge of the particular relic
tion in question. 

The data sheets are concluded with a list of the rele
vant references. 

2.2. Conventions Concerning Rate Coefficients 

All of the reactions in the tables are elementary proc
esses. Thus the rate expression is derived from a state
ment of the reaction, e.g. 

A+A.--:,.B+C 

-(lf2)d[A]/dt =d[B]/dt = d[C]ldt = k[A]2. 

Note that the stoichiometric coefficient for A, i.e., 2, 
appears in the denominator before the rate of change of 
[A] (which is equal to 2k [A]2) and as a power on the right 
hand side. 

2.3. Treatment of Combination and 
Dissociation Reactions 

The rates of combination and the reverse dissociation 
reactions 

A + B + M +% AB + M, 

depend on the temperature T, the nature and the concen
tration of the third body, [M]. The rate coefficients of 
these reactions have to be expressed in a form which is 
more complicated than those for simple bimolecular 
reactions. The combination reactions are described by a 
psuedo second-order rate law 

d [AB] = k [A][B] 
dt 

in which the second-order rate constant depends on [M]. 
The low press ure third-order limit is characterized by ko, 

ko = lim k ([M]) 
[M] -) 0 

which is proportional to [M]. The high-pressure second
order limit is characterized by koo, 

ko:, = lim k ([M]) 
[M].--:,. 00 

which is independent of rMl. The transition between the 
third-order and the" second-order range is represented by 

a reduced fall-off expression of kJk", as a function of 
kolkoo = [M]I[M]c where the "center of the fall-off curve" 
(M] c indicates the third body concentration for which the 
extrapolated ko would be equal to k 00' This is illustrated 
in figure 1. The dependence of k on [M] in general is 
complicated and has to be analyzed by unimolecular rate 
theory. For moderately complex molecules at not too 
high temperatures, however, a simple approximate rela
tion holds: 

k = kokoo F (ko) - k (. 1 ) F ([M]) 
ko + k", krxo - 0 I + [M]/[M]c [M]c 

- k (. [M]/[Mlc ) F ([M]) 
- rxo. I + [M]/[M]c [M]c. 

where the first factors at the r.h.s. represent the 
Lindemann-Hinshelwood expression, and the additional 
broadening factor F is approximately given by 

10 F == log Fe 
g I + [10g([M]/[M]c)]2 

In this way the three quantities ko, koo and F c with 

[M]c = ko /[M] 

chRrRp.teri7.p. the f::t11.off cnrve for the pre~p.nt RpplicRtion_ 

Alternatively the three quantities koo, [M]c and F c (or ko, 
[M]c andF c) can be used. At low temperatures the broad
ening factors at the center, Fe, do not deviate too much 
from unity, values in the range 0.7 to 0.9 being typical for 
the prese~t reactions (for theoretical predictions of F c, 

and modification of the expression F(ko/ koo ) at higher 
temperatures, see ref. [7]). The dependence of ko and k", 
on the temperature T is represented by aT-exponent n 

k ex T-n 

(except for the cases with an established energy barrier 
in the potential). We have used this form of temperature 

k/ Ita, 

0.1 

0.01 '---_--" _____ .L-.-____ ....... ___ 

Ql 10 

FIGURE 1. Reduced fa1l~off curve of klk", as a function of [M}I[M]c' 
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dependence because it gives a beller fit to the data over 

a wider range of temperatures than does the Arrhenius 
expression. The dependence of ko on the nature of the 
third body M generally is represented by the relative 
efficiencies of Ml and M2 

The few thermal dissociation reactions of interest in the 
present applicati~n are treated analogously to the combi
nation reactions with pseudo first-order rate constants 
k([M]). 

2.4. Photochemical Reactions 

The data sheets begin with a list of feasible primary 
photochemical transitions for wavelengths usually down 
to 170 11111, along with lhe:: cUln:::::;vumling tmLhalvy 

changes at 0 K calculated from the data in Appendix I. 
Calculated threshold wavelengths corresponding to 
these enthalpy changes are also listed. 

This is followed by tables summarizing the available 
experimental data on, (i) absorption cross sections and (ii) 
quantum yields. These data are supplemented by a 
series of comments. 

The next table lists the preferred absorption cross sec
tion data and the preferred quantum yields at wavelength 
intervals of 5 nm where possible. The preferred data are 
often amplified by diagrams of absorption cross sections 
versus wavelength and, where appropriate, by diagrams 
of quantum yields versus wavelength. 

The COllUllentt; again dt:::::;t;liJ..,e:: huw Lhe V1e::fe::nt::u UHLH 

were selected and include any other relevant points. The 
photochemical data sheets are also concluded with a list 
of references. 

2.5. Convention Concerning Absorption Cross Sections 

These are presented in the data sheets as "absorption 
cross sectipns per molecule, base e". They are defined 
according to the equations 

1110 = exp( - u[N]t) 

(j = (l/([N]t»tn(lol/) 

where 10 and / are the incident and transmitted light 
intensities, u is the absorption cross section per molecule 
(expressed in this paper in units of cm2), [N] is the 
number concentration of absorber (expressed in cm-3

), 

andt is the path length (expressed in cm). Other defini
tions and units are frequently quoted. The closely related 
quantities "absorption coefficient" and "eytinction coef
ficient" are often used, but care must be taken to avoid 
confusion in their definition; it is always necessary to 
know the units of concentration and of path length and 
the type of logarithm (base e or base 10) corresponding 
to the definition. To convert an absorption cross sec
tion to the equivalent Naperian (base e) absorption coef
ficient of a gas at a pressnre of 1 st:md:ncl :Jtmosphere 
and temperature of 273 K (expressed in cm- 1)? multiply 

J. Phys. Chern. Ref. Data, Vol. 9. No.2, 1980 

the valtw of (T ill em:! by 2.69 X 1019• For other converSIOn 
factors see Appendix II. 

2.6. Assignment of Errors 

Under the heading "reliability",' estimates have been 
"made of the absolute accuracies of the preferred values 
of k at 298 K and of the preferred values of EIR over the 
quoted temperature range. The accuracy of the preferred 
rate coefficient at 298 --: is quoted as the term ~ log k, 
where flIog k = D and D is defined by the equation, loglo 
k = C ± D. This is equivalent to the statement that k is 
uncertain to a factor of F where D = Iog1o F. The ac
curacy of the preferred value ofEIR is quoted as the term 
~(EIR), where ~(EIR) = G and G is defined by the equa
tion E IR = H ± G. 

The assignment of these absolute error limits in k and 
EIR is a subjective assessment of the evaluators. Experi
ence shows that for rate measurements of atomic and 
free radical reactions in the gas phase, the precision of 
the meaSllrement~, i.e., the reproducibility, is. usually 
good. Thus, for single studies of a particular reaction 
involving one technique, standard deviations, or even 90 
percent confidence limits, of ± 10 percent or less are 
frequently reported in the literature. Unfortunately, 
when evaluators come to compare data for the same reac
tion studied by more than one group of investigators and 
involving diffprent techniqnes., the rate coefficients often 
differ by a factor of two or even more. This can only mean 
that one or more of the studies has involved large sys
tematic errors which are difficult to detect. Thls is hardly 
surprising since, unlike molecular reactions, it is not 
possible to study atomic and free radical reactions in 
isolation, and consequently mechanistic and other diffi
culties frequently arise. 

The arbitrary assignment of errors made here is based 
mainly on our state of knowledge of a particular reaction 
which is dependent upon factors such as the number of 
mdependent investigations made and the number of dif
ferent techniques used. 011 the whole, our assessment of 
error limits errs towards the cautious side. Thus, in the 
case where a rate coefficient has been measured by a 

single investigation using one particular technique and is 
unconfirmed by independent work, we suggest that mini
mum error limits of ± 100% are appropriate. 

We do not feel justified now in assigning error limits to 
the parameters reported for the photochemical reactions. 

2.7. 0(1 D) Rate Coefficients 

There exist in the literature two large, disparate sets of 
OeD) reaction rate data. One set is based on measure
ments of the National Oceanic and Atmosphpric Admin
istration Laboratories in which OeD) is monitored by the 
time resolved decay of the O(lD)~ Oep) emission at 630 
nm [8a-8f]. These measurements appear in principle to 
be quite straightforward-the main complication is inter
fering secondary chemiluminescent emissions, which 
were minimized by addition of SF6 • The other set of rate 
rhltH is h;:I5:;ecl on measurements at the University of C~m
hridge I Jahoratory in which OeD) is monitored in absorp-
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tion by the time resolved attenuation of the atomic reso
nance radiation at 115.2 nm, 0(3D2) <E- 0(2D2) [9a-9g]. 
Data analysis of these results uses the modified Beer
Lambert absorption law: ItlIo = exp(-e(cf)'Y). This 
method requires an independent calibration of the value 
of 'Y. resulting in the reported value 'Y = 0.41. Disagree
ment over the interpretation of these results has focused 
on the correct value of l' to be used in the absorption law. 
There exists also a large body of relative rate data result
ing from studies of OeD) reactions in competitive 
systems. From an analysis of the data Cvetanovic [10] 
developed a consistent set of relative rate data by reduc
ing these values to a common base with the rate for CO2 

set equal to unity. 
In this evaluation we have chosen to treat these three 

data sets on an equal basis. For a given reaction the 
preferred value is derived from consideration of the rate 
data for the reaction relative to that for the reference 
reaction: OeD) + C02 0 The ratio (klk ref) is derived from 
the absolute values reported in [8a-Sf] and [9a-9g]. The 
preferred value for this ratio is the mean value of these 
two derived ratios and that given in [10]. The preferred 
value of kref is taken as the simple average of the results 
from [8a-8f] and [9a-9g]. 

Recently there has. appeared a preliminary report [11] 
giving absolute OeD) rate coefficient values obtained 
by a measurement technique which is different than 
that used in [Sa-Sf] or [9a-9g]. When these preliminary 
results are confirmed and published with enough detail 
for reanalysis, we may have to reconsider our stated 
preferred values for these rate coefficients. 

3. Atmospheric Chemistry 

3.1. Introduction 

Recently it has become clear that homogeneous gas
phase reactions are important in determining the be
havior of neutral trace-gas species present in the earth's 
atmosphere below about 70 km altitude. This part of the 
atmosphere is characterized hy two distinct regions. The 
troposphere lies hetween the earth's surface and the tro
popause at 10-15 km altitude. In this region the tempera
ture falls rapidly with height, and the air is moist and 
turbulent. Above the tropopause lies the stratosphere 
which is relatively cool, dry and stahle. 

The primary initiating force for chemical change in the 
atmosphere is photochemical, i.e., absorption of solar 
radiation by stable molecules which emit reactive atomic 
or free-radical species. The most important effect in the 
atmosphere is the ozone layer. This layer is the main 
obiect when studying the chemistry of the stratosphere. 
Photochemistry is also important in the troposphere as a 
scavenging mechanism by which gaseous materials, both 
natural and man-made, emitted at the earth's sunace, 
are removed from the atmosphere. The growth of emis
sions in the atmosphere in the industrial twentieth cen
tury has increased the possibility of global pollution of 
the atmosphere and has stimualted intensive study of 
atmospheric chemistry. 

3.2. Stratospheric Chemistry-The Ozone Layer 

The basic photochemical~kinetic cycle involved in the 
production and destruction of ozone in the stratosphere 
was first suggested by Chapman [121 and consists of the 
following reactions: 

O2 + hv.-+ 0 + 0 (A s; 242 nm) (1) 

o + 0 3 .-+ 202 (3) 

Os + hv.-+ 0 + O2 (4) 

The rate of destruction of "odd oxygen" (0 + 0 3) in 
reaction (3) is, however, insufficient to balance the pro
duction ~ate of 0 by photodissociation of O2 in reaction 
(1) and maintain a steady-state concentration of 0 3 which 
is consistent with observation of the total column density 
of ozone. Consequently~ other "odd oxygen" destruction 
processes have been suggested, which involve catalytic 
cycles of the following general type: 

XO + 0-+ X + O2 

These cycles can occur when X = H, HO, [13], 
NO, [14], Cl, [15], and Br, [16], according to current 
chemical knowledge and available kinetic data. In addi
tion to these pairs of relatively simple reactions, there are 
a large number of elementary photochemical and chem
ical reactions which are required to define the concentra
tions of active HOx , NOx , CIO.r and BrO.r species at 
different altitudes, and thereby to determine their inter
action with the ozone budget. Model calculation5 are 
concerned with the quantitative treatment of this chem
istry, to calculate the ozone column density and any 
effects on this column of perturbations of the trace 
gas composition, particularly involving NOx and CIOx 
compounds. 

3.3. Tropospheric Chemistry 

Many of the trace constituents of the stratosphere are 
transported from the troposphere and originate initially 
at the earth's surface. The movement of these constit
uents through the atmosphere constitutes a cycle, with 
emission or injection of gaseous constituents, their trans
port and chemical transformation within the atmosphere. 
and finally their removal by rain-out or other sink proc
esses. Clearly sink processes operating in the tropo
sphere are important in determining the amount of trace 
components passing to and from the stratosphere, and 
hence in potential stratospheric perturbations. 

The main photochemical sink processes in the tropo
sphere involve reaction of trace gases with HO rad
icals, [17] which are produced primarily by the reaction 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 
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with water vapour of excited atomic oxygen, OeD), pro
duced by photolysis of ozone. 

0 3 + hv.~ O(1D) + 02(1~) A. S 310 nm 

OeD) + H20.~ 2HO. 

In the sunlit atmosphere, a steady-state concentration of 
HO is maintained by reactions involving the oxidation of 
natural methane, via formaldehyde and carbon monoxide 
to CO2 'and H2 0. Nitrogen oxides are also involved in 
tropospheric HO,r chemistry through their ability to pro
vide an additional source of odd-oxygen via the reaction 

H02 + NO -'" HO + N02 

N02 + hv-'" NO + 0 

net H02 .-", HO + O. 

Current interest in tropospheric chemistry is directed to 
the possible global perturbations due to man-made emis
sions of NO,x and carbon monoxide [18]. 

The other important chemical sink in the troposphere 
involves the precipitation elements (cloud droplets and 
aerosol particles) and a number of the trace gas cycles 
are closed by rain-out of the water-soluble products of 
atmospheric oxidation~ 

3.4. Trace Gas Reactions 

In the following paragraphs the cycles of the trace 
gases involved in stratospheric ozone chemistry are 
briefly described. Kinetic data have been evaluated in 
this survey for each of these cycles of reactions. 

3A.a. Reactions of Hall' 

The important active species in the HO~ cycle are HO 
and H02 • The primary source of these radicals through
out the atmosphere is reaction of OeD) atoms with 
hydrogen-containing compounds, principally H2 0. 
Stratospheric water vapour results chiefly from oxidation 
of methane which is transported from the troposphere. 
Removal of HO,r from the stratosphere is by downward 
transport of H20 and H20 2 to the troposphere, where 
they enter the precipitation elements. Photolysis of H2 O2 
can be a minor source of HO: 

3.4.b. Readions of NOll' 

The nitrogen oxides NO and N02 are the central spe
cies in the NO,r cycle. The chief Iliilurw ISUUJ'ce uf :;t.n:llu
spheric NO,r comes from the rea~tion of O(1D) with 
nitrous oxide, N2 0, in which one of the channels pro
duces NO: 

N20 is emitted from the earth's surface and is long-lived 
and hence well mixed in the troposphere [19]. The trans-

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

port rate ofN20 to the stratosphere and the NO,r sourCt 
can be estimated quite well. Stratospheric NO,x chem
istry involves, in addition to NO and N02 , the higher 
oxides N03 and N20 s , peroxyriitric acid and nitric acid, 
the latter being formed by reaction of N02 with hydroxyl 
radicals: 

HO + N02 + M.-'" HON02 + M. 

Nitric add is relatively stable and can be transported 
down to the troposphere where it is removed either in 
rain or by absorption at the surface of the earth. 

Exhaust emissions from high altitude aeronautic activ
ity are a potential source of stratospheric NO,x. Efforts to 
estimate' the impact of this on stratospheric ozone have 
extended over a number of years [20]. 

3.4.c. Reactions of CIOll' 

The important active species in the CIO,r cycle. are Cl 
am.I CIO, which are formed by photochemical or free 
radical breakdown in the stratosphere of stable chlorine
containing species from the troposphere.. The main 
natural source appears to be methyl chloride, while clllo
rofluoromethanes are an important man-made source of 
stratospheric chlorine [21,22]. 

The principal sink for active CIO,r species is conver
sion to HCI from which atomic CI is released only slowly. 
by reaction with HO, 

allowing transport of He I to the troposphere where it falls 
as rain. Conversion of CI to HCI occurs by reaction with 
hvdrogen-containinS?; compounds, principally methane, 
with minor routes involving H2 , H02 and HCHO. Other 
compounds which are involved in stratospheric chlorine 
~hemistry are chlorine nitrate (CION02 ) and hypochlo
ruut! acid (lIOCl) whieh are formed in the following reac
tions and are removed primarily by photodissociation. 

CIO + N02 +M-", CION02 + M 

CIO + H02'~ HOCI + O2, 

These reactions exemplify the close coupling between 
the chemistry in the NO,r, HO,r and CIO,r cycles. 

3.4.d. Reactions of BrOll' 

The radicals Br and BrO are potentially involved in 
ozone chemistry in a manner analogous to Cl and C10. At 
the present time at least two potential sources of strato
spheric bromine have been identified, namely methyl 
bromide, used as a soil fumigant and also of natural 
origin, and also certain fire retardants, e.g., trifluoro
bromomethane. 

Bromine is potentially more active than chlorine in 
stratospheric chemistry because of the lower stability of 
HBr compared to H Cl, allowing more bromine to remain 
in the active forms, Br andBrO [23]. 
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3.4.e. Reactions of fOx 

The largest source of fluorine appears to be the chloro
fluoromethanes. In contrast to CI and Br atomic fluorine 
reacts rapidly with all H-containing species in the atmos
phere, even water! to produce HF. HF is very stahle 
toward photochemical and free radical breakdown and 
acts as a very effective sink for active FOx species. 

3.4.f. Reactions of CH,. 

Most of the large amounts of methane produced by 
biological processes on the earth's surface is oxidized in 
the troposphere via reaction with HO radicals. A small 
fraction is transported to the stratosphere where its oxi
dation provides a source of water vapor. 

The oxidation chemistry involves the conversion of the 
CHa radicals to formaldehyde and photolysis of formalde
hyde to produce either radical fragments or molecular 
hydrogen 

HCHO + hV,-7> H + HCO }.. s 338 nm 
,-7> H2 + CO. 

The resultant carbon monoxide is oxidized to CO2 by 
reaction with HO: 

HO + CO ,-7> H + CO2, 

3.4'9. The Sulfur Cycle 

The thermochemistry of SO;r species, e.g., SO and 
S02' is unfavorable for involvement in the "odd-oxygen" 
chemistry in the stratosphere. However, sulfur com
pounds are involved in stratospheric chemistry through 
their participation in the formation of an aerosol layer in 
the lower stratosphere. Recent results indicate that the 
primary source of sulfur in the stratosphere is carbonyl 
sulfide, OCS, which is photo dissociated in the middle 
stratosphere [24]. 

In the troposphere !SU2 is an important pollutant from 
the burning of fossil fuels. Its oxidation can occur homo
geneously, e.g., by reaction with HO, or heterogeneously 
in the precipitation elements. The oxidation products are 

sulfuric acid and sulfate aerosols. 
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4. Data Sheets 

4.1. Readions of 0" 

o + O2 + M~ 0 3 + M 

aHO = -106.5 kJ mol-1 

Low Pressure Rate Coefficients 

Rate coefficient data 

ko/cm3 molecule-1 S-1 Temp./K 

Absolute Rate Coefficients 

(6.6 ± 0.6) x 10-35 exp(510IT) [Ar] 200-246 
3.6 x 10-34 [Ar] 298 
5.6 x 10-34 [N21 298 
11.6 x 10-34 [N2 ] 218 
(5.4 ± 1.2) x 10-34 [N2 ] 295 
(5.4 ± 0.3) x· 10-34 [02 ] 295 
(2.7 :t 0.3) x 10-34 [Ar] 
3 x 10-34 [N21 300 
(6.3 :t 1) x 10-34 [02 ] 300 
4.3 x 10-35 (TI900)-1.7 [Ar] 769-910 
0.0 x 10 01> (T/900) 1.'7 [N2J 089-863 

4.3 x 10-35 (TI900t 1•7 [Ar] 600-1100 

Reviews and Evaluations 
4.05 x 10-34 [Ar] 300 
5.5 x 10-34 [N2 ] 300 
6.07 x 10-34 [02J 300 
7.65 x 10-35 exp(5oom [Ar] 200-350 
1.1 x 10-35 exp(l057/T) [AT] 200-1000 
6.6 x 10-35 exp(510m [Ar] 200-346 

Comments 

(a) Flash photolysis-resonance fluorescence at 50-500 
Torr; relative efficiencies ofM, He: Ar: N2 = 0.92: 1.0: 
1.6 at 298 K, Ar: N2 - 1.0: 1.7 at 218 K. 

(b) Discharge-flow method; relative efficiencies of M, 
O2 : N2 : Ar = 2.1: 2.0: 1.5. 

(c) Pulse radiolysis of 0 3 ; relative efficiencies of M, 
Ar: O2 ; N2 0: CO2 : SFs = 2.7: 5.4: 13.0: 31.0. 

(d) ·Flash photolysis with IR and UV detection follow
ing vibration ally excited 0 3 , relative efficiencies of M, 
O2: N2 = 1: 1. 

'(e) 0 produced from 0 3 pyrolysis, 0 detection by 
ESR. 

(f) From shock tube experiments on dissociation, rela
tive efficiencies of M, Ar: N2 = 1.6: 2.4. 

(g) From shock tube experiments on dissociation, rela
tive efficiencies of M, He:Ne: Ar: Kr: Xe: N2 : O2 : 

CO2 : CF4 : SF6 = 4.5: 2.8: 1.6: 2.3: 1.8: 3.5: 3.3: 13.5: 
8.5: 22.5. 

(h) From recombination data; table of relative efficien
cies given; incorrect values reevaluated. 

(i) From dissociation data; incorrect values reeval
uated. 
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Reference Comments 

Huie, Herron and Davis, 1972 [1] (a) 

Ball and Larkin, 1973 [2] (b) 
Bevan and Johnson, 1973 [3] (c) 

von Rosenberg and Trainor, 1974 [4] (d) 
Hogan and Burch, 1976 [5] (e) 
Jones and Davidson, 1962 {6] (t) 

Endo, Glanzer and Troe, 1979 [7] (g) 

Baulch et at, 1976 [8] (h) 

(j) 

Hampson and Garvin, 1977 [9] 

Preferred Value 

ko = 3.6 X 10-34(TI300t l •96 [Ar] cm3 molecule- l s-1 

over range 200 - 346 K. 
k'; -- 3.6 X 10-94 (TI300)-1.1I9 [Ar] cin9 molecule-1 S-1 

over range 200 - 1100 K. 
ko = 5.6 X 10-34 (TI300)-2.36 [N21 cm3 molecule- l s-l 

over range 218 - 298 K. 
ko = 5.6 X 10-34(TI300)-2.23 [N21 cm3 molecule- l S-1 

over range 200 - llOO K. 

Reliability 

A log ku =- ±0.1 over range 200-350 K. 
±0.2 over range 200-1100 K. 

Comments on Preferred Values 

The data in the range 200-350 K are in good agree
ment as are the shock tube data near 1000 K for M= 
Ar. Relative efficiencies also now agree well near 300 K 
whereas the efficiencies near 1000 K need to be redeter
mined by independent measurements. 
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High Pressure Rate Coefficients 

Rate coefficient data 

k",/cm3 molecule-1 S-1 Temp.lK 

Relative Rate Coefficients 
(2.8 ± 1) X 10-12 295 

Comments 

(a) Measured klk (0 + N02) in photolysis of N02 - O2 
mixtures in presence of 1-200 atm of N2; reevaluation 
of earlier data, accounting for N2 Os reactions, with 
k(O + N02) = 9.3 X 10-12 cm3 molecule-1s-1. 

Preferred Value 

Reliability 

t::.. log kM = ±0.3 at 295 K. 

Comments on Preferred Values 

The data are relatively uncertain because they are 
derived from the difference of two quantum yields; 
furthermore the side effects of the reaction 2NO + 
O2 ~ 2N02 on the result were uncertain. Absolute rate 
measurements are required. 

t::..HO = -391.9 kJ mol-1 

Reference Comments 

Hippler, Schippert and Troe, 1975 [9] (a) 

Intermediate Fall-off Range 

From the preferred values one derives [N2]c = 5 X 

1021 molecules cm-3 at 295 K. A broadening factor of 
F c = 0.85 ± 0.1 is estimated. 
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Rate coefficient data 

klcm3 molecule-1 S-1 Temp.lK 

Absolute Rate Coefficients 

(1.5 ± 0.1) x 10-14 296 
(1.3 ± 0.4) x 10-14 300 
(1.1 ± 0.2) x 10- 11 exp(-21551T) 269-409 
8.0 x lO-lS 298 
(2.0 ± 0.2) x 10-11 exp( -2280/1') 220-353 
9.5 x 10-15 298 

Reviews and Evaluations 
1. 9 x 1O~ 11 exp ( - 2300/1) 220-1000 
8.6 X 10-12 exp(-20901T) 200-500 

Comments 

(a) Flow system; 0 atoms produced by N20 pyrolysis 
on a heated wire; 0 3 detection by UV absorption, 0 
detection by calorimetric probe. 

(b) Flash photolysis of 0 3 , detection of 0 and 0 3 by 
UV absorption at 121.6 and 130 nm. 

Reference Comments 
----------

Lundell, Ketcheson and Schiff, 1969 [1] (a) 
Husain, Kirsch and Donovan, 1972 [2] (h) 
McCrumb and Kaufman, 1972 [3] (c) 

Davis, Wong and Lephardt, 1973 [4] (d) 

Hampson and Garvin, 1978 [5] (e) 
Baulch et aI., 1976 [6] (e) 

(c) Flow system; 0 atoms produced by 0 3 pyrolysis on 
a Nernst glower. 

(d) Laser flash photolysis of 0 3 followed by 0 reso
nance fluorescence at 130 nm. 

(e) Expression based on the 298 K measurements of 
McCrumb and Kaufman (1972) and Davis, Wong and 
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Lephardt (1973). High temperature results (T > 1000 K) 
are availahle hut relatively uncertain and not taken into 
account with much weight. 

Preferred Value 

k = 9.5 X 10-15 cm3 molecule-1 S-l at 298 K. 
k = 2.0 X 10-11 exp(-2280IT) cm3 molecule-1s-1 over 

range 220-1000 K. 

Reliability 

II log k = ±0.1 at 298 K, ±0.3 at 1000 K. 
A (l?IR) - ± 130 K. 

Comments on Preferred Values 

The preferred value is that given hy Davis, Wong and 
Lephardt (1973). It overlaps within the larger error limits 

given with the data of McCrumh and Kaufman (1972). It 
also agrees with earlier data near 1000 K as reviewed hy 
Baulch et al. (1976). 

References 
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[2] Husain, D., Kirsch, L. J. and Donovan, R. J., J. Photochem. 1,69 
(1972). 
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r41 Davis, D. D., WonR;, W. and Lephardt, J., Chem. Phys. Lett. 22, 
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Butterworths, London, 1976. 

OeD) + O2 ~ Orp) + 02CIg+) (1) 
~ Orp) + O2 fIg -) (2) 

llHO(I) = - 33 kJ mol-1 

llHO(2) = - 190 kJ mol-1 

Rate coeffIcient data k = k 1 + k2 

klcm3 molecule- l S-1 Temp.lK 

Absolute Rate Coefficients 
(7.0 ± 0.5) X 1O-11 300 

(5.3 ± 0.6) X 10-11 . 
/" 

300 
2.9 X 1O-11 exp«67 ± 10)11') 104-354 
(3.7 ± 0.7) X Ur11 300 
(4.0 ± 0.6) x 10-11 300 

Branching Ratios 

kltk = 0.77 ± 0.2 300 
kl/k = 0.8 (+0.2, -0.3) 300 

Reviews and Evaluations 
7.4 x 10-11 300 
7.4 x 10-11 300 
3.7 x 10-11 298 
2.9 X 10-11 e"p(67rr) 200-300 

Comments 

(a) Flow system. [OeD)] monitored in ahsorption by 
time resolved attenuation of resonance radiation at 115.2 
nm 0(3D2~2D2)' Analysis of data uses modified Beer
Lamhert law: Itllo = exp(-e(cl)'>') with 'Y = 0.41. . 

(h) Same system as descrihed in (a) with modified 
detection circuitry. Apparently supersedes result re
ported ill [1]. 

(c) Flow system. [OeD)] monitored by time resolved 
decay of the OeD) ~ O(3P) emission at 630 nm. 

(d) [O(1D)] monitored hy time resolved decay of the 
OeD) -+ 0(3P) emission at 630 nm.02(1Ig+) monitored by 
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Reference Comments 

Heidner, Husain and Wiesenfeld, (a) 
1973 [1] 

Fletcher and Husain, 1976 [2] (b) 
Streit et aI., 1976 [3] (c,i) 

Lee and Slanger, 1978 [4] (d) 

Lee and SJanger, 1978 [4] (d) 
Schofield, 1978 [5] (e) 

Cvetanovic, 1974 [6) (f) 
Hampson and Garvin, 1975 [7] (g) 
Schofield, 1978 [5] (e) 
NASA, 1977 [8] (h,i) 

time resolved build-up of the 02(lIg+)-+ (3Ig-) (1-1) and 
(0-0) band emissions. 

(e) Evaluation. Recommended value of electronic 
enerfnT transfer efficiency to give 02(lIg+) based on all 
previously reported results. Only newer measurement of 
this efficiency is that of Lee and 51 anger, 1978 [4]. 

(f) Recommended value based on analysis of com
ph:::te :set of OeD) I'ate data-both large body of relative 
rate data and the existing ahsolute rate data. Recom
mended in Hampson and Garvin, 1975 [7]. 

(g) Accepted recommendation of Cvetanovic, 1974 
[6]. 
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(h) Accepted results in Streit et al., 1976 [3]. 
(i) Recommended in Hampson and Garvin, 1978 [9]. 

Preferred Value 

k = 4.6 X 10-11 cm3 mQlecule-1s-1 at 298 K. 
k = 3.7 X 10-11 exp(67/T) cm3molecule~ls-1 over 

range 200-350 K. 
kl/k = 0.8. 

Reliability 

a log k = ±0.15 at 298 K. 
a (PIR) = ±100 K. 
a log (k1/k) = ±O.l. 

Comments on Pre/erred Value 

Preferred value is derived from a consideration of the 
rate data for this reaction relative to that for the refer
ence reaction: O(1D) + CO2, The ratio klk(O(1D) + CO2 ) 

is derived from the absolute values reported from the 
NOAA Laboratories and from the University of Cam
bridge. The preferred value for this ratio is the mean 
value of these two derived ratios and that given in ref
erence [6]. These values are the following: 0.37 (NOAA 
Laboratories [3]); 0.31 (Cambridge Laboratory [2]); 0.35 
(Cvetanovic's review [6]); 0.34 (mean value). The pre
ferred value of the rate constant for the reference reac
tion of OeD) with CO2 is taken as the simple average of 
the value reported form NOAA Laboratories (1.0 X 10-10 

cm3 molecule- l S-I, ref. [3] and that reported from the 
Cambridge Laboratory (1.7 X 10-10 cm3molecule-1s-1 , 

ref. [2]). The preferred value for k is then derived 
from the values klk(O(lD) + CO2) = 0.34 and k (O(1D) + 

CO2) = 1.35 X lO-~o cm3 molecule-~s-~. The temperature 
dependence in reference [3] is accepted. 

The preferred value for k has been derived in this way 
for consistency with the method used to·derive the other 
OeD) rate coefficient values recommended in. this eval
uation. Inclusion of the recent data of Lee and Slanger, 
1978 [4] with equal weighting would result in lowering 
the preferred value of k at 298 K to 4.4 X 10-11 

cm3 molecule-1 S-I. 

-The value recommended in Schofield, 1978 {5] for the 
efficiency of transfer of the OeD) electronic energy to 
give O2 in the 1 I/ electronic state has been adopted 
here. It is based on a number of studies referenced 
therein and is confirmed by the recent results of Lee and 
Slanger, 1978 [4]. 

The predominant fate of the O2 (1 I/) in the atmo
sphere would appear to be quenching to the ground state 
(see reference [9] for values of rate coefficients). 

For further comments on OeD) values see Introduc
tion. 
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02 + h v----+ products 

Reaction 

O2 + hv -+ O(3P) + 0(3P) (1) 
-+ O(3P) + 0(1D) (2) 
-+ O(1D) + O(lD) (3) 
-+ O(3P) + O(1S) (4) 

Wavelength range/nrn 

116-244 
135-175 
175-203 
176-210 
176-205 
176-205 
170-250 
177-200 
110-240 
110-240 
lIO-240 

Prima.ry photochemical transitions 

493.56 
683.38 
873.20 
897.80 

Absorption cross section data and "evaluations 

Reference 

Ackerman, 1971 U] 
Hudson, 1971 [2] 
Hudson and Mahle, 1972 [3] 
Ackerman, Biaume and Kockarts, 1970 [4] , 
Ackerman and Biaurne, 1970 [5] 
Frederick and Hudson, 1978 [6] 
Hudson, 1974 (7) 

Kockarts, 1971 [8] 
Laufer, 1973 [9] 
Krupenie, 1972 [10] 
Huueuu auu Kide!::!, 1975 [1I] 

Athresbold /nrn 

242.4 
175.0 
137.0 
132.2 

Comments 

(a) 
(a) 
(b) 
(c) 
(d) 
(e) 
(f) 

(g) 
(h) 
(h) 
(h) 
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Quantum yield data and evaluations 

Measurement Wavelengthlnm 

cjJI 5: 1 175-200 
cf>2 5: 1 133-175 

cf>2 range 0.1-0.9 117-133 
cI>a:s: 0.1 88-120 
<l>3 :S: 0.03 121.6 

Comments 

(a) Review and tabulation of absorption cross sec
tions. 

(b) Line widths and oscillar strengths of Schumann
Runge bands, cross sections for underlying continua over 
range 150-300 K. 

(c) High resolution cross sections for Schumann
Runge bands. 

(d) High resolution study of Schumann-Runge bands. 
(e) High resolution study of Schumann-Runge banda, 

leading to line widths which are, for some lines, smaller 
than reported by Ackerman and Biaume [5]. 

Reference Comments 

Laufer; 1973 [9] (i) 
Lee et a1., 1977 [I3] (j) 

Lee et a1., 1977 lI3] G) 
Lawrence and Me Ewan, 1973 [14] (k) 

Ridley, Atkinson and Welge, 1973 [15] (1) 

(f) Discussion of cross section data in the range 
176-250 nm. 

(g) Average cross sections in the Schumann-Runge 
bands at 160,200 and 300 K. 

(h) Discussion of cross section data and photochem
ical transitions in the range 100-240 nm. 

(i) Discussion of quantum yield data from ref. [12]. 
(j) Measurements of O(1D) yields in the range 117-

177 nm. 
(k) Absolute quantum yield measurements of O(1S) at 

8 wavdength~. 
(1) Relative quantum yield measurement of O(lS) at 

121.6 nm. 

Preferred Vulue5 

Absorption cross sections and quantum yields for O2 photolysis at 298 K 

Wnm 1019u /cm2 cjJI ¢2 Alnm 1019 u /cm2 cjJI ¢2 

140.8-142.8 140 1 158.7-161.3 49.7 1 
142.8-144.9 148 1 161.3-163.9 34.5 1 
144.9-147.0 141 1 163.9-166.7 20.8 1 
147.0-149.2 129 1 166.7-169.5 12.3 1 
149.2-151.5 115 1 169.5-172.4 7.22 1 
151.5-153.8 99.1 1 172.4-173.9 4.58 1 
153.8-156.2 82.4 1 173.9-175.4 2.74 1 
156.2-158.7 65.8 1 176 -200 (see below) 1* 0* 

Wnm 1()23(u)(300 K)/cm2 lQ23(u)(200 K)/cm2 lQ23( u)(16O K)/cm2 

175.4-177.0 12800 15000 15700 
178.6 11800 11900 11800 
100.2 7370 6470 6060 
181.8 4770 5050 5210 
183.5 3160 3020 2940 
185.2 1610 1400 1330 
186.9 874 757 725 
188.7 419 348 340 
190.5 190 144 137 
192.3 94.8 60.4 43.4 
194.2 62.4 57.2 57.2 
196.1 21.5 18.7 18.7 
198.0 7.56 5.4 5.42 
200.0 3.06 1.83 1.77 
202.0 1.94 1.54 1.49 

Alnm 1()24 u /cm2 Wnrn }()24 u/cm2 

200 12.0 225 5.3 
205 10.2 230 4.0 
210 9.3 235 2.8 
2];) 7.9 240 1.0 
LLI) ().;) 245 0.5 

; 1 _______ 
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Comments on Pre/erred Values 

The absorption cross sections for A < 175 nm and 200 
< A < 245 nm are from Ackermann [1], average cross 
sections over the Schumann-Runge bands for 175 < A 
< 200 nm are from Kockarts [8]; there is considerable 
scatter of data at A ~ 200 nm with an uncertainty of about 
± 20% over the range 200-230 nm. The on-set of the 
OeD) production near 175 nm is given by a smooth, prob
ably temperature dependent function, see refs. [13] 
and [16]. For 175 < A < 200 nm we prefer CPl == 1. 
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Reaction 

0 3 + h JJ ..... Orp) + 02rI.-) (1) 
.... 0(3P) + O2 (a I As) (2) 
.... 0(3P) + 02(b IIg+) (3) 
.... O(1D) + 02(3I g-) (4) 
_ O(lD) ~ O~(a IA-,,) (5) 

.... O(ID) + 02(b lI g+) (6) 

Wavelength range/nm 

117-730 
175-850 
250-340 

BAULCH ET AL 

0 3 + h V ---+ products 

Primary photochemical transitions 

101.4 
195.7 
258.3 
291.2 
385_5 

448.1 

Absorption cross section data and evaluations 

Reference 

Ackerman, 1971 [1] 
Hudson, 1974 [2] 
Vigroux, 1953 (3] 

Quantum yield data and evaluations 

Measurement Wavelength/nm Reference 

cfJl 8;; 1,~ 8;;0 570-630 Castellano and Schumacher, 1962 [4] 
«Pr, 8;; 1 250-300 Fairchild and Lee, 1978 [5] 
0<<<Pr,< 1 295-320 Moortgat and Kudszus, 1978 [6] 
0< «Pr,< 1 295-320 Arnold, Comes and Moortgat, 1977 [7] 
0< «Pr,< 1 295-320 Moortgat, Kudszus and Warneck, 1977 [8] 
0< «Pr, < 1 295-320 Philen, Watson and Davis, 1977 [9] 
0< «Pr,< 1 295-320 Lin and De More, 1973 [10J 
O<~< 1 295-320 Moortgat and Wamcck, 1975 [11] 
cfJs < 0.05 240-265 Gauthier and Snelling, 1971 [12] 
«fl& <0.05 240-265 Gilpin, Schiff and Welge, 1971 [13] 
0< «Pr,< 1 303-316 NASA, 1977 [14] 

Comments 

Athresbold Inm 

1180 
611 
463 
411 
310 

267 

Comments 

(a) 
(b) 
(c) 

Comments 

(d) 
(e) 
(f) 
(g) 

(g) (h) 
(i) 
(j) 
(t;) 
(k) 
(k) 
(1) 

(a) Tahulation of cross section data from earlier refer
ences. 

(g) Decrease of ~s(OlD) from 1 to 0 observed over 
range 307-318 nm. 

(b) Discussion and comparison of cross section data 
from earlier references. 

(c) Temperature dependence of cross sections mea
sured over range 181-300 K. 

(d) Ozone photolysis with overall quantum yield of 2. 
(e) Relatfve quantum yield measurement indicating no 

appreciable change of tPs over range 250-300 nm. 
(f) Representation of earlier <Ps(A, T) measurements 

in analytical form. 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

(h) Measurements at 230-300 K, indicating shift of 
cbs ( A, T) toward smaller A at smaller T. 

(i) Decrease of <Ps(OlD) observed at wavelengths 
about 2' nm smaller than in ref. [8] and [9]. 

(j) Measurements at 235 K in agreement with ref. [8]. 
(k) Measurements of 02(b lI/) indicating minor im

portance of reaction [6]. 
(1) Discussion of <Ps(O(lD» data 'from earlier refer

ences. 



A/nm 

119.8-120.5 
l29. 9-130.7 
138.9-140.8 
149.2-151.5 
158.7-161.3 
169.5-172.4 
178.5-180.2 
188.7-190.5 

A/nm 

400 
410 
420 
440 
460 
480 
500 
52U 

540 
560 

A/nm 

250 
260 
270 
280 
290 

Wavelengthlnm 

250-303 
304 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
308 
310 
312 
314 
316 
318 
319 

570-630 
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Preferred Values 

Absorption cross sections at 298 K 

1019u /cm2 A/nm 1019u/cm2 

184 198.0-200.0 3.30 
124 208.3-210.5 4.84 
71.7 219.8-222.2 19.7 
36.9 229.9-232.6 48.3 
12.0 238.1-241.U 79.7 
8.17 246.9-250.0 III 
7.86 259.7-263.2 103 
5.31 266.7-270.3 82.3 

lQ23alcm2 A/nm 

580 
2.91 600 
3.99 620 

12.5 640 
35.7 660 
71.1 680 

122 700 
17H 720 

288 730 
388 

Temperature coefficient of absorption cross sections 

n(214 K)llT(300K) A/nm 

0.98 
0.98 
0.97 
0.96 
0.94 

300 
310 
320 
330 
340 

Quantum yields for 0 3 photolysis 

Quantum yield 

cPs =:::-1.0 
0.99 
0.90 
0.80 
0.55 
0.35 
0.25 
O.Hi 

0.10 
0.07 
0.04 
0.02 

o 
0.9 
0.7 
0.3 
0.15 
0.10 
0.003 

o 
<PI = 1.0 

A/nm 

277.8-281. 7 
289.9-294.1 
298.5-303.0 

310 
;:S2U 

330 
340 
350 
360 

1019u /cm2 

39.9 
11.4 
3.69 
1.05 
0.291 

0.0778 
0.0171 
0.00266 
0.00055 

l()23u/cm2 

455 
489 
390 
274 
207 
137 
91.3 
64.0 

51.4 

"(2]4 K)JlT(300 K) 

0.91 
0.88 
0.73 
0.86 
0.86 

Temp.lK 

200-300 
235 
235 
235 
235 
235 
235 
235 

235 
235 
235 
235 
235 
300 
300 
300 
300 
300 
300 
300 

200-300 
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Comments on Pre/erred Values 

The preferred data for u at 298 K are taken from 
Ackerman [1], the temperature coefficient is taken 
from Vigroux [3]. The quantum yield data for 235 K are 
from the NASA evaluation, those for 300 K from ref. [7]. 
The 4>5 (A) curves of refs. [7] and [9] at 300 K are dis
placed by about 2 nm, this discrepancy can only be 
resolved by further measurements. cJ>1 in the Chappuis
band (570-650) is taken from ref. [4]. 
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4.2. Reactions of HOx 

H + H02 ~ H2 + O2 (1 ) 

~ 2HO (2) 

~ H20 + 0 (3) 

AHO (1) = .-220 kJ m~l-l 

AHo (2) = -142 kJ mol- 1 

AHo (3) = -213 kJ mol- l 

Rate coefficient data (k = kl + k2 + k3) 

klcm3 molecule-1 S-1 Temp.lK 

AbsolUle Rate Coefficients 

kl = 8.3 X 10-12 297 
k2 = 1 X 10-11 297 
k3 = 6.7 X }O-12 297 
(4.7 ::!: 1.0) x 10 11 295 

Branching Ratios. 

kllk = 0.29 293 
kzlk "'" 0.69 293 

k3/k :S 0.02 293 

Reviews and Evaluations. 

kl = 4.2 X 10-11 exp(-350IT) 290-800 
k2 = 4.2 X 10-10 exp(-950/T) 290-800 
kJ = 4.2 X 10-11 exp(-350/T) 300-1000 
k2 = 4.2 X 10-10 exp(-950/T) 300-1000 
k3 = 8.3 X 10-11 exp(-500/T) 300-1000 

Comments 

(a) Secondary reaction in H + O2 + M system; derived 
from fit of concentration vs time plots. 

(b) Fast flow system, He carrier; radicals generated 
from H + O2 + M or F + H2 O2; [HO] and [H02 ] moni
tored by laser resonance. 

(c) Fast-flow system He carrier; radicals generated 
from H + O2 + M; [H], [0] and [HO] monitored by ESR 
technique rate coefficient ratios were determined from 
measurements of concentration profIles at short reaction 
times. 

(d) RecoIIunelldaLion of Baulch eL aI., 1972 [2]. 
(e) Temperature coefficient estimated. 

Preferred Value 

k = 4.7 X 10-11 cm3 molecule-1 S-1 at 298 K. 
kl = 1.4 X 10-11 cm3 molecule-1 s-1 at 298 K. 
k2 = 3.2 X 10-11 cm3 molecule- 1 S-1 at 298 K. 
k3 ::S 9.4 X 10-13 cm3 molecule- l s- l at 298 K. 

Reliability 

Alogk = ±0.3 at 298 K. 
A logk} = ±0.4 at 298 K. 
A logk2 = ±0.4 at 298 K. 
A logka = +o.a at 298 K. 

-? 

Reference Comments 

Moortgat and Allen, 1973 [1] (a) 
(a) 
(a) 

Hat.:k to:l 111., 1979 [2] (b) 

Hack, Wagner and Hoyermann, 1978 [3] (c) 

Baulch et aI., 1972 [4] 

Lloyd, 1974 [5] (d) 
(d) 
(e) 

Comments on Preferred Values 

The preferred rate coefficient (k) for the composite 
reaction (1 + 2 + 3) is that from the recent laser magnetic 
resonance study of Hack et aI., 1979 [2]. The preferred 
individual rate coefficients, kl' k2 and k3 are from the 
ratios of Hack, Wagner and Hoyermann, 1978 [3] and the 
preferred value of k. The earlier data of Moortgat and 
Allen, 1973 [1] were preliminary results which were not 
substantiated. There are no data available on the temper
ature coefficients of reaction (1), (2) or (3) although they 
would be expected to be small since the reactions involve 
an atom and a small radical. 
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H + O2 + M~ H02 + M 

aH O = -216 kJ mol-I 

Low Pressure Rate Coefficients 

Rate coefficient data 

ko Icm3 molecule-1 8-1 Temp./K 

Ahs::olntt> Ratt> Cot>ffip.ip.ntr.:; 

2.0 X 10-32 (Ar] 300 
(1.6 ± 0.2) x 10-32 [Ar] 298 
(7.5 ± 0.3) x 10-33 [He] 300 
(6.0 ±' 0.4) x 10-33 [Ar] 
(6.7 ± 1.1) x 10-33 exp(238ff) [He] 203-404 
1.5 X 10-32 [He] 300 
1..9 x 10-32 [Ar] 300 
(6.8 ::t: 1.1) x 10-33 exp(34SJ1') [Ar] 220-360 
2.1 x 10-32 [Ar] 300 
6.1 x 10-33 [Ar] 1260-1910 
5.8 x 10-33 [N21 
(8.3 ± 3.5) X 10-33 rArl 1435-1868 
6.9 x 10-33 [02] 1900 
(6.1 ± 1.1) x 10-33 [Ar] 964-1075 
(9.1 ± 1.6) x 10-33 [N21 980-1176 
(2.5 ± 0.3) x 10-32 [He] 293 

Reviews and Evaluations 

4.1 x 10-33 exp(500IT) [Ar] 300-2000 
2.2 x 10-32 [Ar) 
6.7 X 10-33 exp(290ff) [Ar] 203-404 
6.6 x 10-33 (TI1000)-1.7 [N2] 300-1500 
1.0 X 10-32 (Tll000)-U2 [N21 200-2000 
5.8 x 10-33 (T/1000)-1.O [Ar] 200-2200 
6.7 X 10-33 exp(290ff) [Ar] 203-404 

Comments 

(a) H2 discharge-flow system at 0.5-2.4 Torr; decay 
of [H] in presence of O2 measured by ESR spectroscopy; 
relative efficiencies of M, Ar : He = 1.0: 1.0. 

(b) Pulse radiolysis study; mixtures of H2(2 Torr) and 
O2(0.98-4.9 Torr) in Ar (500-1130 Torr); decay of [H] 
followed by Lyman~a spectrophotometry; relative effi
ciencies of M, H2: Ar=2.9: 1.0. 

(c) Hg-photosensitized decomposition of H2 with light 
pulses of 30 ns duration; decay of [H] followed by Lyman
spectrophotometry; relative efficiencies of M, H2 : 

Kr:He:Ar:Ne=2.0: 1.8 : 1.2 : 1.0 : 0.2. 
(d) Flash photolysis-resonance fluorescence tech~ 

nique; pressure range 10-400 Torr for He; relative effi~ 
dp.ncip.~ ofM, f:H .. ~ N2 :He~ AT = 15_7~:l_4~ 1_0: 1-0 Rt 29R 
K and N2 :He = 4-5 : 1.0 at 226 K. 

(e) Hydrogen discharge-flow system; [H] monitored 
by ESR spectroscopy; relative efficiencies of M, 
Ar:He=l.O: 1.0. 

(f) Flash photolysis-resonance fluorescence tech
nique; pressure range 20-300 Torr for He; relative effi~ 
ciencies ofM, Ar:He:H2 :N2 :C~=l.O:O.93:3.0:2.8:22 
at 300 K. 

(g) Shock tube study with lean H2-02-Ar or 
H2-02-N2 mixtures; analysis via HO UV absorption 
spectroscopy. 

Reference Comments 

Westenberg, Roscoe and de Haas, 1970 [11 (a) 
Hikida, Eyre and Dorfman, 1971 {21 (b) 
Ahumada, Michael and Osborne, 1972 [3] (c) 

Kurylo, 1972 [4] (d) 

Westenberg and de Haas, 1972 [5] (e) 
Wo~g and Davis, 1974 [6] (f) 

Getzinger and Blair, 1969 {7] (g) 

Blair and Getzinger. 1970 [8] (h) 
Peeters and Mahnen. 1973 [9] (i) 
Slack, 1977 [l0] (j) 

Hack, Hoyermann and Wagner, 1978 [11] (k) 

Baulch et al., 1972 [12] 0) 

Hampson and Garvin, 1975 [13] (m) 
Dixon-Lewis and Williams, 1977 [15] 
Slack, 1977 [10] 
Slack, 1977 [10] 
Hampson and Garvin, 1978 [16] (1) 

(h) Shock tube study with H2-02-Ar mixtures; ana
lysis via H20 IR emission signals. 

(i) Study of C~-02 flames at 40 Torr; decay of rad
ical pool in the burned gas. 

(j) Shock tube study measuring induction times near 
to the second explosion limit of H2-02 mixtures; com
puter fit of induction times to yield rate coefficients; Ar 
values based on experimental data from the literature. 

(k) Discharge flow system with ESR detection tech
nique. 

(1) Relative efficiencies of M, Ar:He:N2 :02 :H2 0= 
1.0: 1.0: 1.3: 1.3:21. 

(m) Based on Baulch et al., 1972 [12] and subsequent 
l-IRtR of Rpf!1._ [:l-tlJ, [10]; Telative efficiencies of M, 
Ar:He:N2 :02 :H20=1.0: 1.0:3.1:3.1:25 at 300 K; used 
also by NASA evaluation, 1977 [14]. 

Preferred Value 

ko = 5.9 X 10-32 (T/300)-1.O [N2] cm3 molecuIe-1 S-1 

over range 200-400 K. 
ko = 1.8 X 10-32 (T/300tl.O [Ar] cm3 molecule-1 S-1 

over range 200-400 K. 
ko = 1.8 X 10-32 (T/300)-0.8 [Ar] cm3 molecule-1 S-1 

over range 200-2000 K. 
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Reliability 

!:t. log ko = ±0.2 over range 200-2000 K. 

Comments on Pre/erred Values 

The difference in the relative efficiencies of Ar and N2 
is greater than normally observed; the data, therefore, 
should be reconfirmed .. 

High Pressure Rate Coefficients 

No available experimental. data in the intermediate 
fall-off or high pressure range. 

Estimate: kaJ = 2.5 X 10-10 cm3 molecule-1 S-1 (300-
2000 K, similar to calculations for H + OH and 
H +NO by Quack and Troe, 1977 [17]). This gives 
[Arlc = 1.4 X 1()22 molecule cm-3 at 300 K (corresponding 
to 600 atm). 
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Rate coefficient data 

k Icm3 molecule-1 S-1 Temp./K 

Absolute Rate Coefficients 
(2.6 ± 0.5) x 10-11 298 
(9.89 ± 0.26) x 10-11 exp(-(516 ± 6O)/T) 298-638 
1.75 x 10-11 298 
(1.33 ± 0.32) x 10-10 exp( -(449 ± 58)/T) 219-360 
(2.86 ± 0.22) x 10-11 300 
(1.50 ± 0.18) x 10~IO cxp( -(499 ± 32)rI') 1%-424 
(2.79 ± 0.18) x 10-11 298 

Reviews and Evaluations 
1.2 )( 10-10 exp( -56O/T) ?98-6.~8 

1.0 X 10-10 exp( -516ff) 298-638 

Comments 

(a) Fast-flow system; [H] and [03 ] monitored by mass 
spectrometry . 

(b) Fast-flow system; [H] monitored by atomic reso
nance fluorescence. 

(c) Flash photolysis, resonance fluorescence detection 
of H; [03 ] monitored spectrophotometrically. 

(d) Fast-flow system; [H] monitored by resonance 
fluorescence; [03 ] monitored by UV Photometry. 

(e) Recommends provisional data of Clyne and Monk-
house [2]. . 

Reference Comments 

Phillips and Schiff, 1962 [1] (a) 
Clyne and Monkhouse, 1977 [2] (b) 

Lee et aI., 1978 [3] (c) 

Keyser, 1979 [4] (d) 

NASA, 1977 [5] (e) 

Hampson and Garvin, 1978 [6] 

Preferred Value 

k = 2.8 X 10-11 cm3 molecule-1 S-1 at 298 K. 
k = 1.4 X 10-10 exp(-480IT) cm3 molecule-1 s-1 over 

range 220-360 K. 

Reliability 

lllogk = ±0.2 at 298 K. 
II (EIR) = ±100 K. 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 
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C(lmm(~flts un Prelan~d Values 

The recent studies of Lee et a1. [3] and Keyser [4] are 
in excellent agreement. The preferred value is derived 
from a least-mean-squares treatment of these data 
(ref [3] and [4]). The rate constant of Phillips and 
Schiff [1] is also in reasonable agreement with these 
studies but we are unable to account for the apparent 
discrepancy involving the data of Clyne and Monk
house [2]. 
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o -1- HO ---7- 0 2 1 H 

~HO = -70.2 kJ mol-1 

Rate coefficient data 

klcm3 molecule-I S-I Temp.IK 

Absolute Rate Coefficients 

(5 ± 2) X 10-11 265 
(5 ± 2) X 10-11 293 
0.8 ± 0.7) X 10-11 310 
(5 ± 2) X 10-11 310 
5 X 10-12 300 
(4.3 ± 1.3) X 10-11 300 
(4.2 ± 0.3 X lO-ll 228 
(3.2 ± 0.3) X 1O-11 298 
(3.2 ± 0.5) X 10-11 340 

Relative Rate Coefficients 

3.9 x 10-11 425 

Reviews and Evaluations .. 
3.8 X 10-11 300 
4.2 X 10-11 300-2000 
3.8 X 10- 11 300 
4.2 X 10-11 300 
4.2 X 10-11 300 

Comments 

(a) Di~r.h:uge-flow !OIystem; HO from H + NOz ; 0 from 
HO + HO.-i> H2 0 + 0; [H] by emission from H + NO; 
[0] by emission from 0 + NO. 

(b) Discharge-flow system; HO from H + N02 ; 0 from 
N + NO; [HO]by ultraviolet absorption spectroscopy. 

(c) Hydrogen discharge-flow system; HO from H + 
NOz; [HO] by ultraviolet absorption spectroscopy; [0] 
by emission from 0 + NO. 

(d) Discharge-flow system; HO from H + N02 ; [H] 
and [HO] by ESR absorption. 

(e) Discharge-flow system; HO from H + N02 ; [0] 
and [HO] by ESR absorption. 

(f) Discharge-flow; stirred-flow system; homogeneous 
reactorset inside ESR cavity; HO from H + N02 ; [HO] 
and [0] by ESR absorption. 

(g) Discharge-flow system; 0 from N + NO -i> N2 + 0; 
[0] monitored in H2 /CO/N2 mixtures by 0 + CO chemi
luminescence; k derived from measured ratio, 
klk (HO + CO) = 260 ± 20 at 425 K and takingk (HO + 

J. Phy~. Chom. Ref. Data, Vol. 9. No.2, 1980 

Reference Comments 

Clyne, 1963 [1] (a) 

Kaufman and Del Greco, 1963 [2] (b) 
Kaufman, 1964 [3] (c) 
Westenberg and de Haas, 1965 [4] (d) 
Breen and Glass, 1970 [5] (e) 
Westenberg, de Haas, and Roscoe, 1970 [6] (f) 

Campbell and Handy, 1977 [7] (g) 

Baulch et a1., 1972 [8] 
Wilson, 1972 {9] 
Hampson and Garvin, 1975 [10] (h) 
NASA, 1977 [111 (i) 

Hampson and Garvin. 1978 [12] 

CO) = 1.5 X 10-13 cm3 molecule-1 S-1 at 425 K (low pres
sure value). 

(h) Recommendation of Baulch et aI., 1972 [8]. 
(i) The NASA Ref. Publ. 1010 lists ref. [10] as its 

reference source but appears to select the evaluation of 
Wilson, 1972 [9]. 

Preferred Value 

k = 3.8 X 10-11 cm3 molecule-1 S-1 at 298 K. 

Reliability 

~ logk = ±0.3 at 298 K. 

Comments on Preferred Values 

We have selected the recommendation of Baulch et 
al., 1972 [8] which is based on the data of refs. [1-6]; it 
is also in good agreement with the more recent relative 
rate coefficient of Campbell and Handy, 1977 [7]. There 
are no reliable data on the temperature coefficient of this 
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reaction but it is expected to be small. There is a lack 
of agreement between the forward and reverse rate con
stants and the equilibrium constant of the system 0 + 
HO~ O2 + H. The preferred value is nearly a factor of 
two higher than the value calculated from the reverse 
rate constant and the equilibrium constant. 
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Rate coefficient data 

k Icm3 molecule-1 5-1 Temp./K 

Relative Rate Coefficients 

(3.53 ± 1.0) X 10-11 293 
(3.1 ± 1.0) X 10-11 298 

Reviews and Evaluations 
3.5 X 10-11 293 
3.5 X 10-11 293 

Comments 

(a) Preliminary report of data in ref. [2]. 
(b) Fast-flow system; 0 reacted with H2 O2; [HO] and 

[H02] monitored by laser magnetic resonance spectros
copy; relative rate coefficients (a) klk(O + HO) = 0.83 
and (b) klk(HO + H20 2) = 37 measured, hence abso
lute rate coefficients calculated as follows: (a) k = 3.2 X 

10-11 cm3 molecule- l 8-1 based on k (0 + HO) = 3.8 X 

10-11 cm3 molecule-1 S-1 and (b) k 3.1 x 10-11 

cm3 molecule-1 s·1 based onk(HO + H2 0 2 ) = 8.3 X 10-13 

cm3 molecule-1 S-1, all at 298 K; result in data table is the 
average of two determinations. 

(c) Recommends data of Burrows, Harris and Thrush, 
1977 [1]. 

Preferred Value 

k = 3.1 X 10-11 cm3 molecule- l S-1 at 298 K. 

Reliability 

~ logk = ±0.5 at 298 K. 

Reference Comments 

Burrows, Harris, and Thrush, 1977 [I] (a) 
Burrows et aI., 1978 [2] (b) 

NASA, 1977 [3] (c) 
Hampson and Garvin, 1978 [4] (c) 

Comments on Preferred Values 

The recent papers of Burrows, Harris and Thrush, 
1977 [1] and Burrows ef aI., 1978 [2] appear to be the 
first experimental measurement of this rate coefficient. 
Confirmation and measurement of the temperature coef
ficient are required. It should be noted that the reliability 
of the above value of k is dependent upon the realibility 
of the rate coefficients of the reference reactions (0 + 
HO and HO + H2 O2) as well as any inherent error in the 
measurement. 
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o + H202~ HO + H02 (1) 

~ O2 + H2 0 (2) 

dHO (1) = -72 kJ mol- 1 

dHo (2) = -354.66 kJ mol-1 

Rate coefficient data (k = kl + k2 ) 

A./{;m"mulc;{;ulc;-' ~-' Tc;mp.IK 

Absolute Rate Coefficients 
:5 4 X 10-1:; 300 
4.6 X 10-11 exp(-3220ff) 370-800 
9.3 x 10-16 298* 
(2.75 ± 0.41) x 10-12 exp(-(2125 ± 261)ff) 283-368 
2.1 x 10-15 298 

Reviews and Evaluations 

2.75 X 10-12 exp(-2125ff) 283-373 
2.75 X 10-12 exp(-2125ff) 283-373 

Comments 

(a) Di::;t::haq;e::-fluw ::;y::;te::m, -u[O]/ut 1I1ea~uH:;d llla~~ 
spectrometrically. 

(b) Fast-flow system; [0] monitored by ESR absorp
tion. 

(c) 0 from laser flash photolysis of 0 3 at 600 nm; [0] 
monitored by resonance fluorescence spectroscopy. 

(d) Evaluation based on data of Davis et a1. [3]. 

Preferred Value 

k = 2.1 X 10-15 cm3 molecule-1 S-1 at 298 K. 
k = 2.7 X 10-12 exp(-2100rr) cm3 molecule-1 s-1 over 

range 283-368 K. 

Reliability 

d logk = ±0.3 at 298 K. 
d (EIR) = ±500 K. 

J. PhYI_ Chem. Ref. Data, Vol. 9. No.2, 1980 

R~f~l"(;>n~e Comments 

Foner and Hudson, 1962 [1] (a) 
Albers et al., 1970 [2] (b) 

Davis, Wong and Schiff, 1974 [3] (c) 

NASA, 1977 {4] (d) 

Hampson and Garvin, 1978 [51 (d) 

Comments on Pre/erred Values 

The:: preferred value i~ from the work of Davi5, Wong, 

and Schiff, 1974 [3], although it should be pointed out 
that in this study a knowledge of the absolute concentra
tion of H2 O2 is needed, which limits the accuracy of the 
measurements. Earlier data of Foner and Hudson, 
1970 [1] and Albers et aI., 1970 [2], from much less di
rect studies, are not in good agreement with the pre
ferred data at 298 K. Confirmation of this rate coefficient 

is needed. There are no experimental data regarding the 
relative- rates of reactions (1) and (2). 
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OrD)+H2~HO+H (1) 

~ 0(3P) + H2 (2) 

aHO (1) = -181.4 kJ mol-1 

aHo (2) = -189.2 kJ mol- 1 

Rate coefficient data (k = kl + k2 ) 

k Icm3 molecule-1 S-1 Ternp.IK 

Absolute Rate Coefficients 
(2.7 ± 0.3) x 10-10 300 
(0.99± 0.3) X 10-10 204:...352 

Reviews and Evaluations .. 
2.9 x 10 10 ~9H 

2.9 x 10-10 298 
9.9 X.1O- 11 200-350 
9.9 x 10-11 204-352 

Comments 

(a) Flash photolysis of 0 3 in Hartley band; OeD) moni
tored by time-resolved absorption of atomic resonance 
radiation at 115.2 nm. 

(b) Pulsed laser photolysis of 0 3 at 266 nm; OeD) 
monitored by time-resolved emission from Oe D) -+ 0(3P) 
transmission at 630 nm. 

(c) Review of all rate data up to 1974. 
(d) Based on review of Cvetanovic [3]. 
(e) Accepts results in ref. [2]. 
(f) Recommendation of NASA Ref. Publ. 1010, 

1977 [5]. 

Preferred' Value 

k = 2.0 X 10-10 cm3 molecule-1 s-1 over range 200-
350K. 

Reliability 

A logk = ±O.3 at 298 K. 
A (EIR) = ± 100 K. 

Comments on Preferred Values 

Preferred value is derived from a consideration of the 
rate data for this reaction relative to that for the refer
ence reaction: OeD) + CO2 , The ratioklk(O(lD) + CO2 ) 

is derived from the absolute values reported from the 
NOAA Laboratories and from the University of Cam
bridge. The preferred value for this ratio is the mean 
value of these two derived ratios and that given in 

Reference Comments 

Heidner and Husain; 1973 [1] (a) 
Davidson et al., 1977 [2] (h) 

Cvetanovic, 1974 [3] (c) 
Hampson and Garvin, 1975 [4] (d) 
NASA, 1977 [5] (e) 
Hampson and Garvin, 1978 [6] (f) 

ref. [3]. These values are the following: 1.59 (Cambridge 
T .ahoratory [1,7]; 0.99 (NOAA Lahoratories [2]); 1.86 
(CvetanoviC's review [3]); 1.48 (mean value). 

The preferred value of the rate constant for the refer
ence reaction of OeD) with CO2 is taken as the simple 
average of the value reported from the NOAA Labora
tories (1.0 X 10-10 cms molecule- l S-I, ref. [8]) and that 
reported from the Cambridge Laboratory (1. 7 X 10-10 

cm3 molecule- 1 8-1, ref. [7]). 
The preferred value for k is then derived from the 

values klk(O(lD) + CO2 ) = 1.48 and k(O(lD) + CO2 ) = 
1.35 X 10-10 cm3 molecule-1 S-l. 

The temperature dependence in ref. [2] is accepted. 
There have been no measurements of the branching 

ratio (k 1 /k2 ) for this reaction, but reaction (1) appears to 
predominate. 
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OCD) + H2 0 ~ 2HO (1) 

~ H2 + O2 (2) 

~ OfP) + H2 0 (3) 

aHO (1) = -118.7 kJ mol- 1 

~Ho (2) = -196.59 kJ mol~l 

~Ho (3) = -189.2 kJ mol- 1 

Rate coefficient data (k = k] + k2 + ka) 

k Icm3 molecule-1 s-] Temp./K 

Absolute Rate Coefficients 

(3.0 ± 0.3) X 10-]0 300 
(2.3 ± 0.4) X 10-10 253-353 

Branching ratio" 

k2/k] = 0.OLO,oI+0.005 298 

Reviews and Evaluations 
3.5 X 10-]0 298 
3.5 X 10-10 298 
2.3 X 10-]0 200-350 
2.3 X 10-10 253-353 

Comments 

(a) Flash photolysis of 0 3 in Hartley band; OeD) moni
tored by time-resolved absorption of atomic resonance 
radiation at 115.2 nm. 

(b) Pulsed laser photolysis of 0 3 at 266 nm; O(1D) 
monitored by time-resolved emission from O(1D).~ 0(3P) 
LIaJ1l:SlIIjl:S~.iull ill 630 WIl. 

(c) Flash photolysis in Hartley continuum above 200 
nm of 0 3 /H20 mixtures with large excess of H2 0; [H 0] 
monitored by ultraviolet absorption; H2 determined by 
gas chromatographic analysis following several consecu
tive flashes. 

(d) Review of all data up to 1974. 
(t::) Basell un Cvt:lilJJUvic n:view [4]. 
(f) Accepts results in ref. [2]. 
(g) Recommendation of NASA Ref. Publ. 1010, 

1977 [6]. 
Preferred Value 

k = 2.8 X 10-tO cm3 molecule-18-1 over range 200-
350K. 

Reliability 

A logk = ±O.3 at 298 K. 
~ (EIR) = ± 100 K. 

Comments on Preferred Values 

Preferred value is derived from a consideration of the 
rate data for this reaction relative to that for the refer
ence reaction: O(1D) + CO2• The ratioklk (O(lD) + CO2 ) 

is derived from the absolute values reported from the 

J. PhYI. Chem. Ref. Data, Vol. 9. No.2, 1980 

Reference Comments 

Heidner, Husain and Wiesenfeld, 1973 [1] (a) 
Streit et al., 1976 [2] (b) 

Zellner, Himme, and Wagner, 1979 [3] (c) 

Cvetanovic, 1974 [4} (d) 
Hampson and Garvin. 1975 [5] (e) 
NASA, 1977 [6] (f) 
Hampson and Garvin, 1978 [7] (g) 

NOAA Laboratories and from the University of Cam
bridge. The preferred value for this ratio is the mean 
value of these two derived ratios and that given in 
ref. [4]. These values are the following: 1. 76 (Cambridge 
Laboratory [1,8]; 2.3 (NOAA Laboratori~s [2]; " 2.21 
(CvetanoviC's review [4]; 2.09 (mean value). 

The preferred value of the rate constant for the refer
ence reaction of OeD) with CO2 is taken as the simple 
average of the value reported from the NOAA Labora· 
tories (1.0 x 10-10 cm3 molecuJe- 1 S~l, ref. [2]) and that 
reporten from the t.amhringe T .ahoratory (1.7 X 10-10 

cmS molecule-1 S-1, ref. [8]). 
The preferred value for k is then derived from the 

values klk(O(1D) + CO2 ) = 2.09 and k(O(1D) + CO2 ) = 
1.35 X 10-10 cm3 molecule- 1 8- 1 • 

The temperature dependence in ref. [2] is accepted. 
The branching ratio recently determined by Zellner et 

I'll., [3] requires r.onfirmRtion. 

There appears to be no published data available on ka . 
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HO + H2 .-+ H20 + H 

319 

dHO = -62.8 kJ mol-1 

Rate coefficient data 

k lem3 molecule- 1 e-1 Temp.IK 

Absolute Rate Coefficients 
(7.1 ± 1.1) x 10-15 298 
7.6 X 10-15 298 
1.8 X 10-14 352 
3.2 X 10-14 403 
1.4 X 10-13 518 
3.6 X 10-13 628 
6.6 X 10-13 745 
(1.8-0.6+0 •9) X 10-11 exp(-23301T) 210-460 
7.1 X 10-15 298 
8.7 x 10-11 exp(-3250fl') la50~ 1600 

(5.79 ± 0.26) X 10-15 300 

5.9 X 10-12 exp(-(2008 ± 150)0') 298-425 
7.0 X ]0-111 2QR 
5.3 x 10-15 300 

Reviews and Data Evaluations 
~.6 X 10-11 exp(-2590ff) 300-2500 
3.8 X }O-ll exp(-2600O') 300-2000 
1.94 X. 10-15 Tl.3 exp(-1825O') 250-2500 
3.6 X 10-11 exp(-25901T) 300-2500 
1.66 X 10-16 Tl.6 exp(-I660O') 240-2500 

Comments 

(a) Pulsed vacuum-ultraviolet photolysis of H20; [HO] 
monitored by resonance fluorescence. 

(b) Fast-flow system; HO from H + N02.-+ HO + NO; 
[HO] monitored by ESR; results showed non-Arrhenius 
behaviour. 

(c) Flash photolysis of H2 0 or N2 0 + H2 ; [HO] moni
tored by time-resolved resonance ahsorption; at T ::5; 270 
K the Arrhenius plot showed slight curvature. 

(d) Shock·tube study, H2 :02 :Ar; [HO] measured by 
absorption; k derived from computer stimulation of pro· 
posed mechanism. 

(e) Flash photolysis of H2 0 or N2 0 + H2 ; [HO] moni· 
tored by time-resolved resonance absorption. 

(0 Flow system; HO from photolysis of H2 0 at 105 
nm; [HO] monitored by resonance fluorescence. 

(g) Flash photolysis of H2 0; [HO] monitored by time· 
resolved resonance ultraviolet absorption spectroscopy. 

(h) Review of data of references [1-4] and earlier data 
as part of a 'study of non-Arrhenius behaviour in bimolec
ular reactions of HO radicals. Reactions with a finite 
Arrhenius activation energy around room temperature 
were found to obey temperature dependence of form 
A'rexp(-EIRT). 

Preferred Value 

k = 7.1 X 10-15 cm3 molecule-1 s-1 at 298 K. 
k = 1.8 X 10-11 exp(-2330IT) cm3 molecule s-1 

range 210-300 K. 
over 

Reference 

Stuhl and Niki, 1972 [1] 
Westenberg and de Haas, 1973 (2] 

Smith and Zellner, 1974 [3] 

Cardiner, Mallard and Owen, 1974 [4] 

Overend, Paraskevopoulos and Cvetanovic, 
1975 [5] 

Atkinson, Hansen and Pitts, 1975 [6] 

Trainor and Von Rosenberg, 1975 [7] 

Baulch et at, 1972 [8] 
Wilson, 1972 [9] 
Dixon-Lewis and Williams, 1977 (10) 
Hampson and Garvin, 1978 £111 
Zellner, 1979 [I2) 

Reliability 

a logk = ±0.1 at 298 K. 
~ (£IR) = ±300 K. 

Comments on Pre/erred Values 

Comments 

(a) 
(b) 

(c) 

(d) 
(e) 

(f) 

. (g) 

(h) 

There is fairly good agreement among the various 
recent determinations of the room temperature rate coef· 
ficiem for this reaction. We have selected the data of 
Smith and Zellner, 1974 [3] for the preferred data, on the 
grounds that their study is the most comprehensive with
in the temper~ture range of interest (210-460 K). It 
should be noted, however, that this work revealed that 
below 270 K the Arrhenius plot for the above reaction 
displayed some slight upward curvature, for which the 
authors were unable to account. The above preferred 
value is in line with previous reviews and evaluations, 
refs. [8-11]. The recent review of Zellner, 1979 [12] pro
posed non-Arrhenius behaviour for this and other hi
molecular reactions of HO radicals. 
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HO + HO~ H2 0 + 0 

ARO = -70.6 kJ mol-1 

Rate coefficient data 

k Icm3 molecule-1 S-1 Temp.IK 

Absolute Rate Coefficients 
(1.40 ± 0.30) X 10-12 310 
(2.57 ± 0.20) X 10-12 300 
(2.08 ± 0.08) X 10-12 300 
(8.4 ± 2.6) X 10-13 -300 
(2.3 ± 0.3) X 10-12 300 
(2.1 ± O.S) x 10-12 298 
(1.4 z 0.2) l<.. 10 '" 300 

(2.1 ± 0.1) x 10-12 300 
5.7 x IO-~1 exp(-2500ff) 1200-1800 
3.0 x 10-12 exp(..:..270ff) 252-353 
(1.3 ± 0.2) X 10-12 298 

Relative Rate Coefficients 

9.1 X 10-11 exp(-3500ff) IS00-2000 

Reviews and Data Evaluations 
1.0 X 10-11 exp(-5S0ff) 300-2000 
2.57 X 10-12 300 
1.7 X 10-12 300 
1.0 X 10-11 exp(-550ff) 200-300 
9.3 X 10-12 exp(-460ff) 300-2000 
1.0 x 1O-11 exp(-550ff) 300-2000 
exp(-27.7 + 1.5 X 1O-3T) 250-2000 

Comments 

(a) Discharge-flow system; [HO] monitored by ultra
violet absorption spectroscopy; data recalculated on 
basis of revised absorption coefficients (ref. [18]). 

(b) Discharge-flow system; [HO] monitored by mov
able ESR detection; HO from H + N02 ; CO added and 
final O2 and CO2 yields determined by mass spectrom
etry. 

(c) Discharge-flow system; [HO] by ESH detection; 
HO from H + N02 ; excess N02 used and CO added; 
[C02] determined by mass spectrometry. 

(d) Discharge-flow system; [HO] monitored by ESR 
spectroscopy. 

(e) Discharge-flow system; HO generated from H + 
N02 -+ HO + NO; [HO] monitored by ESR spectros
copy. 

(f) Fast-flow system; HO from H + N02--+ HO + NO; 
[HO] monitored by resonance fluorescence absorption. 

(g) Pulsed photolysis ofH2 0; [HO] monitored by time
resolved absorption spectroscopy. 

J. Phys. Chem. Ref. Data. Vol. 9. No.2. 1980 

Reference Comments 

Del Greco and Kaufman, 1962 [1] (a) 
Dixon-Lewis, Wilson and Westenberg, 1966 [2] (b) 
Wilson and O'Donovan, 1967 [3] (e) 

Breen and Glass, 1970 [4] (d) 
Westenberg and de Haas, 1973 [5] (e) 
McKenzie, Mulcahy and Steven, 1973 {61 (e) 
CJym: allll Duwll, 1974 [7] (1) 

Trainor and von Rosenberg, 1974 (8] (g) 
Ernst, Wagner and Zellner, 1977 [9] (h) 
Wagner, Wagner and Zellner, 1979 [10] (i) 

Rawlins and Gardiner, 1974 [11] G) 

Baulch el al., 1972 (121 
Wilson, 1972 [13] 
Clyne and Down, 1974 [7] 
NASA, 1977 [14] (k) 
Dixon-Lewis and Williams, 1977 [15] 
Hampson and Garvin, 1978 [16] (k) 
Zellner, 1979 [17] (1) 

(h) Shock tube study; HN03 /Ar; {HO] monitored by 
time-resolved UV resonance absorption. 

(i) Flash photolysis-resonance absorption study. 
(j) Shock tube study; [H2]/I02] = 0.1 in Ar; [HO] 

measured by ultraviolet absorption; rate coefficient 
derived from computer simulation of proposed mech
anism. 

(k) Recommendation of Baulch et aI., 1972 [12]. 
(1) In this review of data of references [1-9] the au

thor presents strong evidence for non-Arrhenius behav
iour of HO + HO reaction. The recommended tempera
ture dependence of k is of the form k = exp(a + bT) but 
the expression given above does not take account of the 
more recent data of Wagner, Wagner and Zellner, 
1979 [10]. 

Preferred Value 

k = 1.8 X -10-12 cm3 molecule-1 S-1 at 298 K. 
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Reliability 

~ logk = ±0.2 at 298 K. 

Comments on Preferred Values 

The preferred rate coefficient at 298 K is the mean 
value of the results of references [1-8] and [10]. In fact, 
the same average is obtaiJ1ed by taking the mean of the 
most recent studies references [5-8] and [10]. There is 
more scatter among the room temperature measure
ments than one might have anticipated and this may be 
due to the fact that the reaction is very sensitive to wall 
conditions .[4]. 

The recent review of Zellner, 1979 [17] strongly indi
cates non-Arrhenius behaviour of the reaction over the 
entire temperature range of study (250-2000 K). The 
temperature dependence in the lower temperature range 
(250-350 K), recently reported by Wagner, Wagner and 
Zellner, 1979 [10], requires confirmation especially in 
view of the scatter of measured data at 298 K. 
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Low Pressure Rate Coefficients 

Rate coefficient data 

ko Icm3 molecule-1 S-1 Temp.1K 

Absolute Rate Coefficients 

(2.5 ± 0.3) x 10-31 [N21 300 
(6.5 ± 2) x 10-31 (TI300)-o.7 [N2] 250-350 
1.9 X 1O-32 (Tll000)-2.92 [Ar] 950-1450 

Reviews and Evaluations .. 

2.5 X 10-33 exp(2550ff) [N21 700-1500 
1.25 X 10-32 exp(900ff) [N2] 200-300 

Comments 

(a) Flash photolysis of H 2 0; HO concentration moni

tored by time resolved absorption spectroscopy; no 
deviations from a third order rate law observed up to 
pressures of 1 atm. . 

(b) Flash photolysis of H2 0; HO concentration moni
tored by time resolved absorption spectroscopy; meas
urements at 20-400 Torr of N2 ; fall-off effects observed 
and corrected for. 

(c) From shock tube study of decomposition of H2 O2 ; 

in agreement with several earlier high temperature stud
ies, see ref. [4]; relative efficiencies of M, Ar: N2 = 
0.67: 1, see ref. [4]. 

Reference Comments 

Trainor and von Rosenberg, 1974 [1] (a) 
Wagner and Zellner, 1978 [2] (b) 
Kijewski and Troe, 1972 [3] (c) 

Baulch et al., 1972 [4] (d) 
NASA, 1977 -[5] (e) 

(d) From studies of the rever5e decolllpm'iiLiuu uf 

H2 O2 ; no recommendation for recombination at lower 
temperatures because of widely scattered data. 

(e) Based on room temperature value by Trainor and 
von Rosenberg (1974) and a temperature coefficient simi
lar to that of HO + NO. 

Preferred Value 

ko = 6.5 X 10-31 [N2] cm3 molecule-1 S-1 at 298 K. 
ko = 6.5 X 10-31 (TI300)-2.9 [Ar] cm3 molecule-1 s-1 

over range 300-1500 K. 

J. Phys. Chern. Ref. Data, Vol. 9. No.2, 1980 
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Reliability 

~ logko = ±0.3 over range 300-1500 K. 

Comments on Preferred Values 

There remains a large uncertainty about the room tem
perature value, since the discrepancy between the data 
of Trainor and von Rosenberg (1974) and Wagner and 
Zellner (1978) is not understood. We prefer Wagner 
and Zellner's value because it is much more consistent 
with a theoretical analysis of the rate constant (~e Troe, 
1977 [6]), and because the expected fall-off behaviour 
has been observed. ' 

High Pressure Rate Coefficients 

First indications of deviation from third order behav
iour have been observed in refs. [2] and [3]. If one 

~o = -283 kJ mol-1 

estimates k<tJ = 3 X 10-11 cm3 molecule- l S-I, one would 
have [N2]e = 5 X 1019 molecules cm-3 at 300 K and 
[Ar]e = 1.6 x 1021 molecules cm-3 • Therefore, fall-off 
effects can probably not be neglected in studies in the 
100 Torr range at 300 K. They can be estimated with 
Fe = 0.8 at 300 K. 
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Rate coefficient data 

k Icm3 molecule-1 S-1 Temp.IK 

Absolute Rate Coefficients 

(3.0 ± 1.0) x 10-11 293 

Relative Rate Coefficients 
(2.0 ± 0.3) x 10-10 298 
-1 x 10-10 298 
-3 x 10-11 -1200 
(5.1 ± 1.6) X 10-11 293 
(5.1 ± 1.7) X 10-11 298 
2-3 X 10-11 295 
-1 X 10-10 298 

Reviews and Evaluations 

2 X 10-11 - 2 X 10-10 300 
3 X 10-11 200-300 
1.3 X 10-]) 1500 
3 X 10-11 200-300 

Comments 

(a) Fast flow system; radicals generated from F + H2 0 
and F + H2 O2; [HO] and [H02] monitored by laser 
magnetic resonance. 

(b) .nash photolysis of H2 0 in presence of Ar + 2% 
O2 ; [H02 ] monitored by ultraviolet absorption spectros
copy; k determined from computer siinulation of data in 
terms of proposed mechanism. 

(c) Steady-state photolysis of H2 0-02-N2 mixture 
at 184.9 nm; [03 ] monitored by spectrophotometry; 
absolute k at 298 K calculated from experimental ratio 
(k'k(H02 + 03»)/(k(H02 + H02 )'k(HO + 03» = 0.82 
and taking k(H02 + 0 3 ) = 2.0 X 10-15; k(H02 + H02 ) 

~3.5 X 10-12 (derived from 1.5 X 2.3 X 10-12 , which 
allows for a [H2 0] corresponding to 4.6 Torr) and 
k(HO + 0 3 ) = 6.7 X 10-14 cm3 molecule-1 8-1 • 

J. Phys. Chern. Ref. Dota, Vol. 9. No.2, 1980 

Reference Comments 

Hack, Preuss and Wagner, 1978 [1] (a) 

Hochanadel, Ghormley and Ogren, 1972 [2] (b) 
DeMore and Tschuikow-Roux, 1974 [31 (c) 
Glanzer and Troe, 1975 [4] (d) 
Burrows, Harris and Thrush, 1977 [5] (e) 
Burrows et aI., 1978 [6] (f) 
Chang and Kaufman, 1978 [7] (g) 
DeMore, 1979 [8] (h) 

Hampson and Garvin, 1975 [9] (i) 
NASA, 1977 [10] G) 
Dixon-Lewis and Williams, 1977 [11] 
Hampson and Garvin, 1978 {12} (k) 

(d) Shock-tube study of the decomposition of HON02 

in the presence of N02 and Ar; (H021 monitored by 
ultraviolet absorption spectroscopy; review of earlier 
high temperature data. 

(e) Preliminary report of data in reference [5], based 
on k(HO + H2 0 2 ) = 8.0 x 10-13 cm3 molecule-1 s-1 at 
298 K. 

(f) Fast-flow system; three radical systems .studied, 
(i) H + N02'~ HO + NO followed by HO + H2 O2 .~ 
H20 + H02, (ii) H + H2 02 '~ H2 + H02 followed by 
H + 03~ HO + O2 and (iii) H + H202'~ H2 + H02 

followed by H + N02'~ HO + NO; (HO] and [H02] 
monitored by laser magnetic resonance; k derived from 
klk(HO + H2 0 2 ) = 63.6 (mean of three systems studied) 
and taking k(HO + H2 0 2 ) = 8.0 X 10-13 cm3 

molecule- 1 S-1 at 298 K. 
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(g) Fast-flow system; radicals generated by H + 
N02.~ HO + NO followed by HO + 03·~ H02 +02; 
[HO] monitored by resonance fluorescence at 309 nm; 
[H02] monitored by titration with NO; k determined 
from computer simulation of data in terms of proposed 
mechanism consisting of 12 reactions. 

(h) Same experimental system as for ref. [3] (Com
ment (c», leading to (k·k (H02 + 03»/(k(H02 + 
H02)'k(H0 + 0 3» = 0.79; absolute k calculated as in 
Comment (c). 

(i) This suggested range of values was not an evalua
tion. 

G) Based on data of ref. [5] and [7]. 
(k) Recommendation of NASA, 1977 [9). 

Preferrecl Value 

k = 3.5 X 10-11 cm3 molecule- l S-1 at 298 K. 

Reliability 

~ logk = ±O.S at 298 K. 

Comments on Preferred Values 

The preferred value was obtained by taking an average 
of the data from the three most recent studies of 
Hack and coworkers [1], Thrush and coworkers [5,6] 
and Chang and Kaufman [7]. The earlier data of Hocha
nadel, Ghormley and Ogren [2] is not reported in suffi
cient detail to make a meaningful evaluation. The discre
pancy between the preferred data and that derived from 

~HO =-143 kJ mol- l 

the work of DeMore and Tschuikow-Roux {4] and 
DeMore [8] has been taken [8] to indicate a possible 
dependen·ce of this rate coefficient on reaction conditions 
such as pressure and presence of H2 0 vapour. (See Com
ments on Preferred Values for reaction H02 + H02 ~ 
H2 O2 + O2), The large error limits assigned are intended 
to allow for the possible complications involving the par
ticipation of H2 0 vapour. 
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Rate coefficient data 

k Icm3 molecule- 1 S-1 Temp.IK Reference Comments 

Absolute Rate Coefficients 

4.1 X 10-13T~ exp(-600/T) 300-458 Greiner, 1968 [1] (a) 
9.6 X 10-13 300 
(6.0:!: 1.7) x 10-12 exp(-0701T) 296-670 Hack, Hoyermann and Wagner, 1975 [2] (b) 

7.6 X 10-13 298 
(6.8 ± 1.3) X 10- 13 298 Harris and Pius, 1979 [3] (c) 

Relative Rate Coefficients 
1.2 X 10-12 300 Gorse and Volman, 1972 [4] (d) 
6.2 X 10-13 298 Meagher and Heicklen, 1974 [5] (e) 

Reviews and Evaluations 
1.7 X lO- lJ exp(-9101T) 300-800 Baluch et aI., 1972 [6] 
1.7 X 10-11 exp(-91OIT) 300-800 Hampson and Garvin, 1975 [7] (f) 
1 X 10-11 exp(-750/T) 298-670 NASA, 1977 [8] (g) 
1.0 x 10-11 exp(-7201T) 300-800 Dixon-Lewis and Williams, 1977 [9] 
1 x 10-11 exp(-7501T) 200-300 Hampson and Garvin, 1978 [10] (h) 

J. PhY"~ Ch""rn~ R .. f~ Dntn. v .. t o~ N .. ~ 2. 1 ORO 
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Comments 

(a) Flash photolysis of H2 O2; [HO] monitored by ultra
violet absorption spectroscopy. 

(b) Fast-flow system; HO from H + N02 ~ HO + NO; 
[HO] monitored by ESR. 

(c) Flash photolysis, resonance fluorescence detection 
of HO; [H2 O2] measured by titration before and after 
reaction. 

(d) Steady-state photolysis of H20 2 at 254 nm in 
presence of CO and O2; rate coefficient ratio klk (HO + 
CO) = 8.13 at 298 K derived from kinetic analysis based 
on measured rate of formation of CO2; total pressure 
in system ...... 10-35 Torr; absolute k calculated taking 
k(HO + CO) = 1.5 X 10-13 cm3 molecule-1 S-1 (low pres
sure value). 

(e) Steady-state photolysis of H20 2 at 254 nm in the 
presence of CO and O2; rate coefficient ratio, klk(HO + 
CO) = 4.1 ± 0.6, derived from kinetic analysis based on 
4>co. measurements; total pressure in system ...... 50 Torr; 
absolute k calculated taking k (HO + CO) = 1.5 X 10-13 

cm3 molecule-1 S-l (low pressure value). 
(f) Recommendation of Baulch et al., 1972 [6]. 
(g) Based on data of refs. [1] and [2]. 
(h) Recommendation of NASA, 1977 [8]. 

Preferred Value 

k = 8.0. X 10-13 cm3 molecule-1 s-1 at 298 K. 
k = 7.6 X 10-12 exp(-6701T) cm3 molecule-1 s-1 over 

range 200-700 K. 

Reliability 

. A logk = ±0.3 at 298 K. 
A (EIR) = +200 K. 

IlBO = -180 kJ mol-1 

Comments on Pre/erred Values 

The preferred rate coefficient at 298 K is the mean of 
the results of refs. [1-3]. The preferred value of (EIR) is 
that of Hack, Hoyermann and Wa~er [3], on the basis of 
their larger temperature range, and the preferred A
factor was then calculated from the preferred k at 298 K. 

At the same time it should be noted that the NASA 
report [8] questions the validity of the results of both 
Greiner [1] and Hack et ale {2]. The former involved a 
large temperature rise from the photolysis flash, and the 
latter used radical densities of 3 X 1013 cm-~ and may 
have been complicated by the back reaction between the 
H02 product and residual NO from the HO formation 
step. More work is needed on this reaction. 
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Rate coefficient data 

k Icm3 molecule-I S-I Temp.fK Reference Comments 

Absolute Rate Coefficients 
1.3 X 10-12 exp( -95611') 220-450 Anderson and Kaufman, 1973 (1] (a) 
5.3 X 10-14 298 
(6.5 ± 1.0) X 10-14 298 Kurylo, 1973 (2] (b) 
0.6 ± 0.5) X 10-12 exp(-990IT) 250-300 Was:ner. Was:ner and Zellner. 1979 [3] (c) 
5.8 x lO-14 298 
(1.82:!:8~) X 10-12 exp«-930 ± 50)11') 238-357 Ravishankara, Wine and Langford, 1979 [4] (d) 
(7.96 ± 0.39) X 10-14 298 

HeJative Hate Coettlcients . 

5.0 X 10-12 exp(-1230ff) 271-333 DeMore, 1975 [5] (e) 
8.1 X 10-14 298 

Reviews amJ Della Evaluations. 

1.6 X 10-12 exp( -1000ff) 220-450 Hampson and Garvin, 1975 (6] 
6.5 X 10-14 300 Baulch et al., 1976 [7] 
1.5 X 10-12 exp( -100011') 220-450 NASA, 1977 [8] (f) 
1.5 x 1O-1~ exp(-lOOOIT) 200-300 Hampson and Gllcvin, 1978 [9] (g) 
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Comments 

(a) Fast-flow system; HO from H + N02'~ HO + NO; 
[HO] monitored by ultraviolet fluorescent scattering at 
309 nm. 

(b) Flash photolysis-resonance fluorescence study. 
(c) Flash photolysis H20l03 mixtures; [HO] monitored 

by resonance fluorescence; [03 ] monitored by absorption 
at 253.7 nm. 

(d) Laser flash photolysis study; resonance detection 
of HO; [03 ] monitored in situ before and after each ex
periment by ultraviolet absorption. 

(e) Steady-state photolysis of 02-H20-C02 mixture 
at 184.9 nm; [03 ] monitored by spectrophotometry; total 
pressure of system 730 Torr; absolute k derived from 
klk(HO + CO) = 16.8 exp(-1230IT) and taking k(HO + 
CO) = 3.0 X 10-13 cm3 molecule-1 S-l independent of 
temperature (high pressure value); this reference in
cludes preliminary data of W. B. DeMore, [10] (klk(HO 
+ CO) = 0.45 at 300 K). 

(f) Adjusted from recommendation of Hampson et 
al., [11], because of error in derivation of [03 ] from ab
sorption measurement. 

(g) Recommendation of NASA, 1977 [8]. 

Preferred Value 

k = 6.7 X 10-14 cm3 molecule-l S-1 at 298 K. 
k = 1.9 X 10-12 exp(-1000IT) cm3 molecule-l s-l over 

range 220-450 K. 

Reliability 

Illogk = ±O.lS at 298 K. 
Il (EIR) = ~~=~. 

AIr -- -140 kJ lIIul-1 

Comments 

There is a consensus among the various rate measure
ments of this reaction, including two recent studies. The 
preferred rate coefficient at 298 K is the mean of the 
values of references [1-5]. The preferred value of (EIR) 
is the rounded-off mean of the values of references [1-5] 
and the preferred A -factor corresponds to the preferred 
k at 298 K and the preferred (EIR). 
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Rate coefficient data 

k Icm3 molecule-1 5-1 Temp.JK Reference Comments 

Absolute Rate Coefficients 
-3 X 10-12 298 Foner and Hudson. 1962 [1] (a) 

(3.6 ± 0.5) x 10-12 300 Paukert and Johnston, 1972 [2] (b) 
6.2 X 10-12 298 Hochanadel, Ghormley and Ogren, 1972 [3] (c) 
2.5 X 10-12 298 Hamilton and LH, 1977 (4] (d) 
(3.8:!~) X 10_14 exp(+(I245 ± lSO)IT) 273-338 Cox, 1978 [5] (e) 
2.3 X lo-~2 298 
«7.5 ± 5.0) X 10-13 298 Burrows et aI., 1978 [6] (£) 

Relative Rate Coefficients 
(2.5~~:~) X 10-&: 1{)00-1200 Troe, 1969 [7] (g) 

Reviews and Evaluations 
3 X 10-12 300 Baulch et al., 1972 [8] 
1.7 x 10-11 exp(-500ff) 300-1000 Lloyd, 1974 [9] 
3 X 10-11 e:x.p(-500rr) 300-1000 Hampson and Garvin, 1975 (10] 
2.5 X 10-12 300 NASA, 1977 [11] 
3.3 x 10-12 300 Dixon-Lewis and Williams, 1977 [12] 
2.5 )( 10-12 298 HQmpaon .Qnd CQrvin, 1978 [18] 
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Comments 

(a) Discharge-flow system; reaction followed by 
sampling directly into a mass spectrometer using a 
molecular beam sampling system; calibration. of this 
system could be in error by as much as a factor of 2; no 
H20 present. 

(b) H02 generated by (i) photolysis of H2 O2, (ii) photol· 
ysis of 0 3 in presence of H2 O2 and (iii) photolysis Cl2 in 
presence of H¥ O¥; [H O¥] monitored by absorption at 210 

nm in molecular modulation technique; no H20 present; 
k calculated from klu = 8.0 X 105 cm S-1' and taking 
U210 = 4.5 X 10-18 cm2 molecule-1

• 

(c) Flash-photolysis of H20 in presence of H2 contain
ing 2% O2; [H021 monitored by absorption at 230.5nm; 
21 Torr H20 present; k calculated from klu = 2.9 X 106 

cm S-1 and taking 0"230.5 = 2.17 X 10-18 cm2 molecule-1 

(ref. [2]). 
(d) H02 generated by electron pulse radiolysis ofH2 in 

presence of O2; [H021 monitored by absorption at 230.5 
nm; treatment of data includes previous results of 
Hochanadel, Ghormley and Ogren, 1974 [3] and accepts 
the absorption cross-section measurements of H02 

determined by Paukert and Johnston, 1972 [2]; k refers 
to measurements with no H20 present. 

(e) H02 generated by pulsed photolysis (310-410 nm) 
of Cl2 in presence of H2 and O2; [H02] monitored by 
molecular modulation ultraviolet absorption spectrom
etry; data obtained at pressures near 760 Torr with no 
H20 present; data yield klu(220 nm) = (1.1 ± 0.4) x 104 

exp«1245 ± 92)/T) cm s-1; 0"220 = 3.5 X 10-18 cm2 

molecule-I. 
(f) Fast-flow system; Cl + H2 O2,-+ HCI + H02 or F + 

H2 O2,-+ HF + H02 ; [H021 monitored by laser magnetic 
resonance; decay of [H021 attributed to either a wall loss 
or a second-order reaction; the same H02 behavior was 
observed with different wall coatings; no H20 present; 
low pressure study, 2 Torr mainly He. 

(g) Shock-tube study of decomposition of H2 O2 ; 

[H02] and [H2 O2 ] monitored by ultraviolet absorption; 
kinetic analysis of reaction mechanism, H20 2 -+ 2HO, 
HO + H2 0 2 ·-+ H20 + H02 ; H02 + H02·-+H2 0 2 + O2, 
HO + H02 -+ H20 + O2 ; rate coefficient essentially 
measured relative to k(HO + H20 2) (this evaluation). 

Preferred Value 

k = 2.3 X 10-12 cm3 molecule-1 S-1 at 298 K and 1 
atmosphere pressure. 
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Reliability 

~ logk = ±0.3 at 298 K. 

Comments on Preferred Values 

We have selected the recent results of Cox, 1978 [5] 
for the preferred data at 298 K which are in excellent 
agreement with the data of Hamilton and Lii, 1977 [4]. 
Cox, 1978 [5] was able to confirm the earlier finding of 
Hamilton, 1975 [14] that therc was a significant increase 

in the rate coefficient with added H20 vapor. In addition, 
the recent low-pressure study of Burrows et aI., 1978 [6] 
strongly suggests that the rate coefficient may be pres
sure dependent, the value falling off at low pressures. 
These results together with the negative . temperature 
coefficient observed by Cox, 1978 {5] suggest that the 
reaction may be complex and that a single expression for 
k is inadequate. The temperature coefficient reported by 
Cox, 1978 [5] is recommended only for the limited tem
perature range quoted, for pressures near 760 Torr and 
in the absence of H20 vapor. Until more data become 
available, values of k for other atmospheric conditions 
cannot be recommended on a firm basis. 
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H02 + 03'~ HO + 202 

327 

!lH0 = -106 kJ mol-1 

Rate coefficient data 

k lem3 molecule-l 8-1 Temp.IK 

Absolute Rate Coefficients 

(1.4 ± 0.4) x 10-14 exp( -(580 ± l00)ff) 250-370 
2.0 X 10-15 298 

Relative Rate Coefficients 

-7.5 X 10-16 300 
sl x 10-16 220-450 
3.7 x 10-15 exp(-3751T) 225-298 
1.1 x 10-15 298 
2.1 x 10-14 exp(-925IT) 273-332 
9.4 x 10-16 298 
1.2 X 10-14 exp(-6001T) 231-334 
1.6 x 10-15 298 

Reviews and Evaluations 

1. 7 X 10-13 exp (-140011') 200-500 
1 X 10-13 exp(-1250IT) 225-298 
1.5 x 10-15 300 
7.3 x 10-14 exp ( - 127511') 200-300 
7.3 X 10-14 exp(-127511') 200-300 

Comments 

(a) Discharge-flow system; [H02] and [HO] monitored 
by la~er magnetic n;:sonance; pressure Hiuge 1-4 Torr. 

-(b) Steady-state photolysis 02-H20-CO mixture at 
184.9 nm; [03 ] monitored by spectrophotometry; ab
solute value of k obtained from measured klk (H02 + 
H02 ) ~ 3 x 10-4 and value k(H02 + H02) = 2.5 x 10-12 

cm3 molecule-1 s-1 at 298 K. 
(c) Fast-~low system; HO generated from H + N02.4 

HO + NO and [HO] monitored by ultraviolet fluorescent 
scattering at 309 nm; absolute value of k obtained from 
derived klk(HO + 0 3 ) s 0.1 over range 220-450 K and 
value k(HO + 0 3 ) = 1 X 10 15 cmllmolecule IS 1 at 
298 K; indirect determination. 

(d) 0 3 photolysis at 253.7 nm in presence of O2 and H2 ; 
lOa] monitored by spectrophotometry; absolute value of 
k obtained from measured klk%(H02 + H02) = 1.9 x 
10-8 exp(-1000IT) cm%molecule-%s-I/2 and the value 
k(H02 + H02) = 3.8 x 10-14 exp (+ 12451T) cms 

molecule-1 S-1 ref. [12]. 
(e) Steady-state photolysis of 02-H20 or 02-H20-CO 

mixtures at 184.9 nm; lOa] monitored by spectrophotom
etry; absolute value of k obtained from measured 
klk l

/
2 (H02 + H02) = 1.1 x 10-7 exp(-1550IT) cm3

/2 

molecule - 1/2 S - 1/2 and the value k (H02 + H02) = 3.8 X 

10-14 exp( + 1245IT). cm3 molecule-1 S-I, ref. [12]. (The 
[H20] in these experiments was low enough for this latter 
expression to he valid.) 

(f) Steady-state photolysis of H!2/0!2/0g mixtures at 
253.7 nm; [Oa] monitored by spectrophotometry; k 
derived from measured ratio klk l

/
2 (H02 + H02) = 

6.4 x 10-8 exp(-1220IT) cm% molecule- I
/2s-% and tak

ing k(H02 + H02) = 3.8 x 10-14 exp(+ 12451T) 

Reference Comments 

Zahniser and Howard, 1978 [1] (a) 

DeMore. 1973 [2) (b) 
Anderson and Kaufman, 1973 [3] (c) 
Simonaitis and Heicklen, 1973 [4] (d) 

DeMore, and Tschuikow-Roux, 1974 [5] (e) 

DeMore, 1979 [6] (f) 

Lloyd, 1974 [6] 
Hampson and Garvin, 1975 [7] 
Baulch et al., 197618] 
NASA, 1977 [9] 
Hampson and Garvin, 1978 [10] 

cm3 molecule-1 8-1, ref. [12]; the addition of H20 vapor 
caused a reduction in the value of klk l

/ 2(H02 + H02 ) as 
expected on the basis of the results for k(H02 + H02); 
the klk'h(H02 + H02) value was cont1rmed by a second 
experiment involving steady-state photolysis of H2 0I02 / 

N2 mixtures at 184.9 nm. 

Preferred Value 

k ..... 2.0 X 10-150 cm:! molecule-1 slat 298 K. 
k = 1.4 X 10-14 exp( -600IT) cm3 molecule-1 S-1 over 

range 250-400 K. 

Reliability 

a logk = ±0.2 at 298 K. 
a (EIR) = ±200 K. 

Comments on Pre/erred Values 

The preferred data are from the recent direct study of 
Zahniser and Howard, 1978 [1]. The most recent indirect 
study of this reaction by DeMore, 1979 [6], involving the 
measurement of the ratio klk'!2(H02 + H02) from steady
state photolysis systems, is in good agreement with the 
preferred data. Direct confirmation of the rate data is 
needed, however, in view of the unexpectedly low A
factor. 
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H2 0 + hv~ products 

Reaction 

H2 0 + hv- H2 + O(3P) (1) 
-+ H + HO (2) 

.- H2 + OeD) (3) 

Wavelength range/nm 

175-185 
185-198 
175-185 
175-182 

Primary photochemical transitions 

485.70 
493.65 

675.52 

Absorption cross-section data 

Reference 

Watanabe and Zelikoff, 1953 [1] 

Thompson, Harteck and Reeves, 1963 [2] 
Laufer and McNesby, 1965 [3] 
Schurgers and Welge, 1968 [4] 

Quantum yield data 

Athreshold/nm 

246 
242 

177 

Comments 

Measurement Wavelength/nm Reference Comments 

cPl $ 0.003 174 Chou, Lo and Rowland, 1974 [5] (a) 

Comments 

(a) Photolysis involved HTO; it was shown that de
composition path is almost entirely via the reactions 
HTO + hv~ H + OT and HTO + hv~ T + HO, with 
::sO.OO3 of molecules decomposing via the reaction HTO 
+ hv.~ HT + O. 

Preferred Values 

A/nm lQ2°u/cm2 ~ 

175.5 262.8 1.0 
177.5 185.4 1.0 
180.0 78.08 1.0 
182.5 23.03 1.0 
185.0 5.546 1.0 
186.0 3.110 1.0 
187.5 1.571 1.0 
189.3 0.6978 1.0 

Comments on Preferred Values 

Water vapor has a continuous spectrum between 175 
and 190 nm; the cross section falls off rapidly towards 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

longer wavelengths. The cross-section data from four 
studies [1-4] are in reasonable agreement as shown in 
figure 6. None of these· studies report numerical data. 
The preferred values of the absorption cross section are 
taken from the review of Hudson, 1974 [6J and were ob
tained by drawing a smooth. curve through the data of 
Schurgers and Welge, 1968 [4], Watanabe and Zelikoff, 
1953 [1] and Thompson, Harteck and Reeves, 1963 {2]. 

On the basis of the nature of the spectrum and the 
results of Chou. Lo and Rowlancl, lQ74 [!)] on thp photo

lysis of HTO, it is assumed that over the wavelength 
region 175-190 nm, reaction (2) is the only primary 
process and that ~ = 1.0 [7]. 
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FIGURE 6. Absorption cross section of H2 0 vapor, 175-190 nm. 

Primary photochemical transitions 

t75 

Reaction A threshold / nm 

H 2 0 2 -t- hv- 2HO (1) 

.-+ H2 0 + OeD) (2) 
-+ H + H02 (3) 
-+ 2H + O2 (4) 
-+ HO + HO (21) (5) 
-+ H2 + 20 (6) 
-+ 2H + 02(1.1g ) (7) 
-+ 2H + 02{lI g ) (8) 

Wavelength range/nm 

190-254 
210-350 
195-350 
220-290 

Measurement 

ct>l (-H2 O2 ) = 1 

207 

328 
351 
562 
598 
624 
656 
719 

Absorption cross-section data 

Reference 

Holt, McLane and Oldenberg, 1948 [1] 
Molina, Schinke and Molina, 1977 [2] 
Lin, Rohatgi and DeMore, 1978 [3] 
Troe, 1972 [4] 

Quantum yield data 

Wavelength/nm Reference 

253.7 Vo]man, 1963 [5] 

578 

365 
341 
213 

200 
192 
182 
166 

Comments 

(a), (b) 
(a), (b) 
(a), (b) 

(c) 

Comments 

(d) 
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Comments 

(a) Measured at 298 K. 
(b) Data plotted in figure 7. 
(c) Measured at 600 and 1100 K. 
(d) This result is based on a measured overall quantum 

yield for the decomposition of H2 0 2 of «I>(-H2 0 2 ) = 

1. 7 ± 0.4 and the assumed mechanism, H2 O2 + h v .~ 
2HO; HO + H2 0 2 -+ H2 0 + H02 ; 2H02 ·-+ H2 0 2 + O2 , 

Greiner [6] has criticized some of the tests in support of 
this mechanism and suggests that 0 atoms could be 
formed in the photolytic step and still give the observed 
quantum yield for «I>(-H2 0 2 ). There are no data on this 
point. 

Preferred Values 

Absorption cross sections and quantum yields for H2 O2 photolysis at 298 K 

A/nm 1()2°ulcm2 t/Jl A/nm 1()2°u/cm2 
<1>1 A/nm I ()2°u/cm2 

<1>1 

190 69.2 245 II.O 1.0 300 0.708 1.0 
195 60.3 250 8.91 1.0 305 0.538 1.0 
200 52.5 1.0 255 7.24 1.0 310 0.417 1.0 
205 44.7 1.0 260 5.62 1.0 315 0.316 1.0 

210 38.0 1.0 265 4.47 1.0 320 0.245 1.0 
215 32.4 1.0 270 3.55 1.0 325 0.186 1.0 
220 26.9 1.0 275 2.75 1.0 330 Q.141 1.0 
225 2.'::1.4 LO 280 2J19 1.0 335 0.110 1.0 
230 19.5 1.0 285 1.62 1.0 340 0.0832 1.0 
235 16.2 1.0 290 1.23 1.0 345 0.0631 1.0 
240 13.5 1.0 295 0.933 1.0 350 0.0479 1.0 

Absorption cross sections and quantum yields for H2 0 2 photolysis at 600 and BOO K 

A/nm I ()2°u/cm2 
<1>1 Temp.lK 

220 28 1.0 600 
230 25 1.0 600 
240 20 1.0 600 
250 15 1.0 600 
260 10 1.0 600 
270 6.5 1.0 600 
280 4.2 1.0 600 
290 2.3 1.0 600 

Comments on Pre/erred Values 

As seen from figure 7, there is excellent agreement 
among the three determinations of the absorption cross 
.section for H 2 0 2 vapour at room temperature [1-3]. The 

preferred values correspond to the line shown in figure 7. 
The preferred data for (J' at 600 and 1100 K are from the 
work of Troe, 1972 [4]. It is apparent that at A > 250 nm 
there is a significant temperature dependence of 0'. 

It has been assumed that reaction (1) is the only pri
mary process in the wavelength region 190-350 nm and 
tbat fUl A > 200 lUll c/Jl -= 1.0. 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

A/nm I ()20ucm2 t/Jl Temp.lK 

220 26 1.0 BOO 
230 25 1.0 BOO 
240 22 1.0 BOO 
250 19 1.0 BOO 
260 IS 1.0 1100 
270 9.9 1.0 1100 
280 7.3 1.0 1100 
290 5.0 1.0 1100 
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{2] Molina, L. T., Schinke, S. D •• and Molina, M. J., Geophys. Res .. 
Lett., 4, 580 (1977). 

[3] Lin, C. L., Rohalgi, N. K., and DeMore, W. B., Geophys. Res. 
Lett., 5, ll3 (1978). 

[4] Troe, J., Helv. Chim. Acta, 55,205 (1972). 
[5] Volman, D. H., J. Chern. Phys., 17,947 (1949); Adv. Photochem., 

1,43(1963). 
[6] Greiner, N. R., J. Chern. Phys., 45,99(1966), 
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flB O = -133.3 kJ mol- 1 

k Icm3 molecule-1 8-1 

Absolute Rate Coefficients 
1.38 X 10-11 exp (-35701T) 
8.6 X 10-11 

10~8~----------------------------------~ 

320 260 240 200 
'A/nm 

o Hoft , McLane & Olde nberg, 1948 [1 ] 
n Molina, Schinke 8. Molina, 1977 (2) 
6 Lin,Rohotgi & DeMore, 1978[3] 

160 

FIGURE 7. Absorption cross section of H2 0 2 vapor, 190-350 nm. 

4.3. Reactions of NOx 

N + 02~ NO + 0 

Rate coefficient data 

Temp.IK Reference 

412-755 Clyne and Thrush, 1961 [I] 
298* 

(2.34 ± 0.12) X 10-11 exp(-(3975 ± l00}!T) 300-910 Wilson, 1967 [2] 
(8.0 ± 1.0) x 10-11 300 
5.5 X 10-12 exp(-3220!T) 280-333 Becker, Groth and Kley. 1969 r3J 
11.1 x 10-17 298 
(10.8 ± 1.0) x 10-17 302 Clark and Wayne, 1970 [4] 
(7.5 ± 0.5) x 10-11 298 Westenberg, Roscoe and de Haas, 

1970 [5] 
Reviews and Evaluations 
1.1 x 1O-14 (T) exp(-3150!T) 300-3000 Baulch, et al., 1973 [6] 
5.5 X 10-12 exp(-3220!T) 200-300 NASA, 1977 [7] 

Comments 

Comments 

(a) 

(b) 

{c,g) 

(d) 
(b) 

(e) 
(f,g) 

(b) Discharge flow, [N] monitored by ESR. 

331 

(a) Dischare;e flow. rNl monitored by titration with 
NO. 

(c) Static system, rNl monitored by decay of N2 first 
positive band intensity. 
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(d) Discharge flow, [N] monitored by titration with 
NO. 

(e) Evaluation for temperature range 300-3000 K. 
Considered all studies listed here. Recommended in 
Hampson and Garvin, 1975 [8]. 

(f) Accepted results of Becker et al., 1969 [3]. 
(g) Recommend,ed in Hampson and Garvin, 1978 [9]. 

Preferred Value 

k = 8.9 X 10-17 cm3 molecule- 1s-1 at 298 K. 
k = 4.4 X 10-12 exp(-3220IT) over range 280-333 K. 

Reliability 

A log k = ±0.1 at 298 K. 
a (EIR) = ±350 K. 

Comments on Preferred Value 

Preferred value at room temperature given as simple 
average of 298 K values in references [1-5]. The value of 

AHO = -525 kJ mol- 1 

EIR is that of Becker et aI., 1969 [3] and is accepted as 
the most reliable value for use in this low temperature 
region. 
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[2] Wilson,W. E., Jr., J. Chern. Phys. 46,2017 (1967). 
[3] Becker, K. H., Groth, W. and Kley, D., Z. Naturforsch., Teil A: 

24,1280 (1969). 

[4] Clark, I. D. and Wayne, R. P., Proc. R. Soc. London, Ser. A: 316, 
539 (1970). 

[5] Westenberg, A. A.; Roscoe, J. M. and de Haas, N., Chern. Phys. 
Lett. 7, 597 (1970). 

[6] Baulch, D. L., Drysdale. D. A. and Horne, D. G., "Evaluated 
IGnetics Data for High Temperature Reactions, Vol. 2: Homoge
neous Gas Phase Reactions of the H2 -N2 -02 System" Butter
worths, London (1973). 

[7] NASA Reference Publication 1010, R. D. Hudson, editor, Chapter 
1 (1977). 

[8) Hampson, R. F. and Garvin, D., Nat. Bur. Stand. (U.S.), Tech. 
Note 866 (1975). 

[9] Hampson, R. F. and Garvin, D., Nat. Bur. Stand. (U.S.), Spec. 
Pub. 513 (1978). 

Rate coefficient data 

k Icm3 molecule-1 S-I Temp.IK 

AbsoJute Rate Coefficient!; 

(5.7 ± 1.4) X 10-13 300 
::;5 X 10-16 300 

Reviews and Evaluations 

5.7 X 10-13 300 
2 X 10-11 exp(-1070ff) 200-300 

Comments 

(a) Discharge flow, [N] and [03 ] monitored by mass 
spectrometric detection, results derived by 2nd order 
kinetics analysis. 

(b) Flash photolysis and discharge flow experiments, 
[N] monitored by resonance fluorescence. No decay ob
served, upper limit given based on detection sensitivity. 

(c) Accepted results of Phillips and Schiff, 1962 [1] 
with increased error limits. 

(d) Accepted room temperature results of Phillips and 

Schiff, 1962 [1]. Pre-exponential factor assigned value 
similar to that for reactions of Os with 0 and with Cl; E IR 
value derived from fit to roo~ temperature value. 

Preferred Value 

Comments on Preferred Value 

Preferred value is based on results reported by Stief et 
aI., 1979 (2]. It is possible that the value reported by 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

Reference Comments 

Phillips and Schiff, 1962 [1] (a) 
Stief et al., 1979 [2] (b) 

Baulch et al., 1973 f3] (c) 
NASA, 1977 (4] (d) 

Phillips and Schiff, 1962 [1] is due to the rapid disap
pearance of Os initiated by H atom impurities according 
to the following catalytic cycle, which is equivalent to the 
reaction of N with 0 3 : 

N + OH --+ NO + H. 

In a study of flame spectra by Garvin and Broida, 
1963 [5], visible and ultraviolet emission from possible 
excited products of reaction of N with 0 3 was not ob
served unless H atoms were in the reaction zone, in . 
which case visible and ultraviolet emission was observed 
from the species HO, NH, NO, N2 and NH2 • 

References 

[1] Phillips, L. F. and Schiff, H. I., J. Chern. Phys. 36,1509 (1962). 
[2] Stief, L. J., Payne, W. A., Lee, J. H. and Michael, J. V., J. Chern. 

Phys. 70, 5241 (1979). 
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[3] Baulch, D. L., Drysdale, D. n. and Horne, D. G., data sheet in D. 
Garvin, Ed., Nat. Bur. Stand. (U.S.), NBSIR 73-206 (1973). 

[4] NASA Reference Publication 1010, R. D. Hudson, Ed., Chap
ter 1 (I977). 

[5] Garvin, D.and Broida, H. P., Ninth Symposium on Combustion, 
Academic Press, NY p. 678 (1963). 

N+NO~N2+0 

aHO = -313.8 kJ mol- 1 

Rate coefficient data 

k Icm3 molecule-1 S-I Temp.IK 

Absolute Rate Coefficients 

(8.2 ± 1.4) X 10-11 exp( -(410 ± 120)ff) 298-670 
(2.2 ± 0.2) X 10-11 298 
(2.7 ±0.4) X 10-11 196-370 
(4.0 ± 0.2) X 10-11 233-400 
(3.4 ± 0.9) x 10-11 196-400 

Reviews and Evaluations .. 
2.7 X 10-11 300-5000 
9.2 'X 10-11 e',lp(-410ff) 200-300 

Comments 

(a) Discharge flow, [N] monitored by mass spectrom
etry. 

(b) Discharge flow, [N] monitored by resonance fluo
rescence. 

(c) flash photolysis of N2 0, [N] monitored by reso
nance fluorescence. 

(d) Reported value. Derived as mean value of results 
of two independent methods. 

(e) Evaluation, based on all previously reported data. 
Recommended in Hampson and Garvin, 1975 [5]. 

(f) ,Accepted results of Clyne and McDermid, 1975 
[1]. 

(g) Recommended in Hampson and Garvin, 1978 [6]. 

Preferred Value 

k = 3.4 X 10-11 cm3 molecule-1 S-1 over range 200-400 
K. 

Reliability 

a log k -- :!:O.15 al 298 K. 
a EIR = ± 100 K. 

Reference Comments 

Clyne and McDermid, 1975 [1] (a,g) 

Lee et aI., 1978 [2] (b) 
(c) 
(d) 

Baulch et &1., 1973 [3] (e) 
NASA 1977, [4] (f,g) 

Comments on Pre/erred Value 

Preferred value is based on results of Lee et aI., 
1978 [2]. Reliability at room temperature based on con
sideration of these data and the 298 K results of Clyne 
and McDermid, 1975 [1]. Based on a critical reexamina
tion of the high temperature data reported in reference 
[1], the temperature dependence reported is rejected. 
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[1] Clyne, M. A. A. and McDermid, I. S., J. Chern. Soc. Faraday 
Trans. 1 71,2189 (1975). 

[2] Lee, J. H., Michael,J. V., Payne, W. A. and Stief, L. J., J. Chern. 
Phys. 69, 3069 (1978). 

[3] Baulch, D. L., Drysdale, D. D. and Horne, D. G., "Evaluated 
Kinetic Data for High Temperature Reactions, Vol. 2: Homoge
neous Gas Phase Reactions of the H2-N2-02 System" Butter
worths, London (1973). 

{4] NASA Reference Publication 1010, R. D. Hudson, editor, Chapter 
1 (1977). 

[5] Hampson, R. F. and Garvin, D., Nat. Bur. Stand. (U.S.) Tech. Note 
866 (1975). 

Lb] Hampson, R. F. and Garvin, D., Nat. Bur. Stand. (U.S.) Spec. 
Publ. 513 (1978). 
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N+N02~N20+0 (1) 

~ NO + NO (2) 

~ N2 + O2 (3) 

~ N2 + 20 (4) 

ll.HO (1) = -175 kJ mol-1 . 

ll.Ho (2) = -325 kJ mol-1 

ll.Ho (3) = -506 kJ mol- 1 

ll.Ho (4) = - 8 kJ mol-1 

Rate coefficient data k = k) + k2 + ka + k4 

k lema moJecule-J s-J Temp./K 

Absolute Rate Coefficients 

(l.BS ± 0.22) X 10-11 298 
(1.4 ± 0.2) x 10-12 298 

Reviews and Evaluations .. 

no recommendation 
1.4 X 10- 12 300 
2 x 10-11 exp ( -8001T) 200-300 

Comments 

(a) Discharge flow system, mass spectrometric detec
tion. Monitored [N021 in excess N. From stoichiometric 
relationships measured under different experimental 
conditions, the following relative contributions of the pri
mary reaction channels were derived: k1/k = 0.43; k21k = 
fl.33; k3/k = 0.10; k41k = 0.13. 

(b) Discharge flow system, mass spectrometric detec
tion. In separate experiments monitored [Nl in excess 
N02 and monitored [N021 in excess N. Found signifi
cant increase in apparent rate constant value as initial 
stoichiometry was lowered. Measured yield of N2 O. 
Computer simulation of system used only the reaction 
channel to yield N20 + 0 amI th~ l~cU::tjUHlS uf 0 with 

N02 and N with NO. 
(c) Evaluation in 1973 of all previously published data. 

No recommendation w.ven. 
(d) Accepted results of Clyne and McDermid, 1975 

[2]. Accepted both the value of k and the indicated prod
ucts (i.e., N2 0 + 0), 

(~) Accepted 298 K results in reference [2]. L<A_ 
factor" selected at 2 X 10-11 ; EIR value derived from fit 
to measured value of k. 

(f) Recommended in Hampson and Garvin, 1978 [6]. 

Preferred Value 

k = 1.4 X 10-12 cm3 molecule- 1 S-1 at 298 K. 
k11k = 1. 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

Reference Comments 

Phillips and Schiff, 1965 (1) (a) 
Clyne and McDermid, 1975 [2] (b) 

Baulch et aI., 1973{3] (c) 
Hampson and Garvin, 1975 [4] (d) 
NASA, 1977 (5) (e,O 

Reliability 

ll. log k = ±0.2 at 298 K. 

Comments on Preferred Value 

Preferred value is that reported by Clyne and 
McDermid, 1975 [2]. This recommendation also accepts 
the mechanism given ·in that reference, i.e., the only 
reaction channel is that yielding N2 0 + 0 as products. 
Confirmation of this mechanism in a separate study is 
desirable. Temperature dependent data on this rate con
stant are needed. 
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Trans. 1 71,2189 (1975). 
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o + NO + M ~ N02 + M 

AHO = -306.2 kJ mol-1 

Low Pressure Rate Coefficients 

Rate coefficient data 

k o/cm3 molecule""' 1 S-1 Temp.1K 

Absolute Rate Coefficients 

6.0 X 10-32 [Ar] 296 
1.3 x 10-31 [Ar] 241 
2.6 x 10-32 exp( (450 ± l00)/T) [N2 O] 300-392 
1.2 x 10-31 [N2 O] 300 
1.7 X 10-32 exp(620IT) [N2 O] 298-473 
1.3 x 10-31 [N2 O] 
5.0 X 10-33 exp(900IT) rN91 285-425 
1.0 X 10-31 [N2 ] 300 
(1.55 ± 0.2) x 10-32 exp( (584 ± 35)/T) [N21 217-250 
1.18 X 10-31 (TI300- 1•82 [N21 
1.08 X 10-32 exp(520IT) [He] 217-250 
9.33 x 10-33 exp(515IT) [NeJ 
9.01 x 10-33 exp(590/T) [Ar] 
6.4 x 10-32 [Ar] 300 
9.52 x 10-32 exp(570/T) [Kr] 
1.46 x lO-a:.< exp(473 ± l00rr) [Ar] 298-439 
(7.04 ± 0.7) x 10-32 [Ar] 298 
2.1 X 10-33 (TI2000t1.S [Ar] 1450-2000 

2.6 x 10-33 (TI2000)-1.S [Ar] 1600-2200 

Relative Rate Coefficients 
(7.4 ± I) x 10-32 [N2 ] 295 
8.3 X 10-32 [Ar] 

Reviews and Evaluations 

3.0 x lO-33 exp(940/T) [Ar] 220-500 
9.6 X 10-32 [N2 ] 300 
1.55 X 10-32 exp(584IT) [N2 ] 217-250 

Comments 

(a) 0 production by O2 photolysis, analysis of N02 * 
chemiluminescence decay. 

(b) 0 production by Hg sensitization of N20, analysis 
by modulation phase shift technique monitoring N02 * 
emission. 

(c) Measurements in a discharge flow stirred reactoT_ 
(d) Flash photolysis of NO with 0 resonance fluores

cence detection. 
(e) From dissociation of N02 in shock waves. 
(f) From shock tube experiments, relative efficiencies 

of M at 1800 K, He: Ne: Ar: Kr: Xe: N2 : S02: CF4 = 
5.3: 2.0: 1.5: 1.5: 1.7: 2.5: 5.0: 5.0. 

(g) Photolysis of N02 in presence of NO; measured 
klk(O + N02 ), evaluated withk(O + N02 ) = 9.3 x 10-12 

cm3 molecule-1 8- 1 ; relative efficiencies of M, He: Ne: 
Ar: CO: N2 : CO2 : C~: C2 Hs: c-CsHs: CsFs: SF6 = 
2.1: 1.7: 3.0: 3.3: 2.7: 5.0: 5.3: 4.5: 5.3: 6.2: 5.5.k(M) 

Reference Comments 

Slanger, Wood and Black, 1973 [I] (a) 

Atkinson and Pitts, 1974 [2] (b) 

Singleton et aI., 1975 [3] (b) 

Campbell and Handy. 1976 [4] (c) 

Whytock, Michael and Payne, 1976 [5] (d) 

Michael, Payne and Whytock, 1976 [61 (d) 

Atkinson, Perry and Pitts, 1977 [7] (a) 

Troe, 1969 [8] (e) 

Endo, Glanzer and Troe, 1979 [9] (0 

Hippler, Schippert and Troe, 1975 [10] (g) 

Baulch et aI., 1973 [II] (h) 

NASA, 1977 [12] (i) 

dimethylpropane, dimethylbutane and isopropylbromide 
also measured. 

(h) Relative efficiencies of M, Ar: O2 : N2 = 1: 1: 1.4. 
(i) Based on ref. [5]; supersedes earlier recommenda

tions such as ref. [11]. 

Preferred Value 

ko = 1.2 X 10-S1 (TI300tl.S2 [N2 ] cm3 molecule- 1 s- 1 at 
200-300 K. 

ko = 6.4 x 10-S2 (TI300t l -8 [Ar] cm3 molecule-1 S-1 at 
200-200() K. 

Reliability 

A log ko = ±O.l at 200-2000 K. 

Comments on Preferred Values 

Well established rate data in good agreement with 
theoretical analysis from ref. [13], preferred values from 
refs. [5], [6], and [8]. 
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High Pressure Rate Coefficients 

Rate coefficient data 

k ... /cm3 molecule- 1s- 1 Temp.1K 

Absolute Rate Coefficients 

2! 4.0 X 10-11 1500 

Relative Rate Coefficients 

(3.0 ± 0.5) x 10-11 295 

Comments 

(a) From shock tube study of dissociation in Ar up to 
300 atm; extrapolated from low pressure part of the fall
off curve; reconsideration accounting for weak collision 

broadening could give an up to 50% higher value. 
(b) N02 photolysis of N02 -NO mixtures in N2 up to 

1000 atm; measured klk(O + N02 ), evaluated with 
k(O + N02 ) = 9.3 x 10-12 cm3 molecule-1 S-l independ
ent of pressure. 

Preferred Value 

krx> = 3.0 X lO-11(TI300)0.a cm3 molecule-1s-1 at 300-
1500 K. 

Reliability 

a log koo = ±0.2 at 300-1500 K. 

Comments on Preferred Values 

High pressure data analyzed theoretically in ref. [14]. 

Intermediate Fall-off Range 

From the preferred values one derives [Ar]~ == 4.7 X 
1020 molecule cm-3 and [N2]c = 2.5 X 1020 molecule 

aHO = -192.1 kJ mol- 1 

Reference Comments 

Troe, 1969 lS] (a) 

Hippler, Schippert and Troe, 1975 [9} (b) 

cm-3 at 300 K and [Ar] == 1.3 x 1022 molecule cm-3 at 
1500 K. For M=Ar and N2 at 300 K, a broadening factor 
Fe of about 0.85 ± 0.1 is estimated. 
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Rate coefficient data 

k lem3 molecule-1 S-1 Temp.1K Reference Comments 

Absolute Rate Coefficients 

(9.12 ± 0.44) X 10-12 230-339 Davis, Herron and Huie, 1973 (1] (a) 
9.3 X 10-12 296 Slanger, Wood and Black, 1973 (2) (b) 
10.5 X 10-12 240 
1.85 X 10-10 X r-0.53 298..;.1055 Bemand, Clyne and Watson, 1974 [3] (c) 
(9.5 ± 1.1) X 10-12 298 

Reviews and Evaluations. 

9.1 X 10'"12 220-500 Huie and Herron, 1973 [4] (d) 
1.7 x 10'"11 exp(-300ff) 300-550 Baulch et al., 1973 [5J (e) 
9.1 x 10-12 200-300 NASA, 1977 [6] (0 

J. Phye. Chem. Ref. o.t., V.I • .,. No.2, 1980 



KINETIC AND PHOTOCHEMICAL DATA FOR ATMOSPHERIC CHEMISTRY 337 

Comments 

(a) Flash photolysis, [0] monitored by resonance 
fluorescence. Recommended in Huie and Herron, 
1973 [4]; Hampson and Garvin, 1975 [7]; NASA, 
1977 [6]; and in Hampson Garvin, 1978 [8]. 

(b) Flash photolysis, [0] monitored by chemilumines
cent reaction with NO. 

(c) Discharge flow system. At 298 K results obtained 
by two independent techniques: [0] monitored by 
resonance fluorescence and [N02 ] monitored by mass 
spectrometry. Results are in good agreement. High tem
perature results obtained by the resonance fluorescence 
technique show appreciable scatter. 

(d) Evaluation, based on all previously reported data. 
Only' newer results are those in reference [3]. Accepted 
results reported by Davis et aI.. 1973 fll as most exten-
sive data set. . 

(e) This recommendation is now outdated due to 
newer results in references [1], [2] and [3]. 

(f) Accepted results reported in reference [1]. Ac
companying note cautioned that there might be a slight 
negative temperature dependence. 

Preferred Value 

k = 9.3 X 10-12 cm3 molecule-1 S-1 over range 230-
340K. 

Reliability 

~ log k = ±0.06 at 298 K. 
~ EIR = ~~~OK' 

Comments on Preferred Value 

Room temperature preferred value is average of values 
reported in reference [1-3]. There may be a slight nega
tive temperature dependence as indicated by the high 
temperature results in reference [3], but a temperature
independent value' is recommended for temperatures 
below 340 K. 
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Kinetic Data for High Temperature Reactions, Vol. 2: Homoge
neous Gas Phase Reactions of the H2 -N2-02 System", Butter
worths, London (1973). 

[6) NASA Reference Publication 1010, R. D. Hudson, editor, Chapter 
1 (1977). 

[7] Hampson, R. F. and Garvin, D., Nat. Bur. Stand. (U.S.), Tech. 
Note 866 (1975). 

[8] Hampson, R. F. and Garvin, D., Nat. Bur. Stand. (U.S.), Spec. 
Publ. 513 (1978). 

° + N02 + M--+ N03 + M 

~HO = -211 kJ mol- 1 

Low Pressure Rate Coefficients 

Rate coefficient data 

k o/cm3 molecule- l S-1 Temp.1K 

Relative Rate Coefficients 

(9.2 ± 1) X 10-32 [N2 ] 297 
(8.0 ± 1) x 10-32 [N2J 295 

Reviews and Evaluations 

6.3 X 10-32 [N21 295 
1.0 X 1O-3J [N21 298 

Comments 

(a) From N02 photolysis in the presence of 1 atm of 
N2; detection of N02 and N2 0 5 concentrations by IR 
absorption; measured klk (0 + N02 ) evaluated with 
k(O + N02 ) = 9.3 X 10-12 cm3 molecule-1 S-1. Reeval
uated by increasing the measured rate constant by 10% 
to account for a 10% fall-off below ko as measured by 
Gaedtke et a1. (1973) [3]. 

(b) From N02 photolysis at various N2 pressures; 
detection of N02 by UV absorption; measured klk(O + 

Reference Comments 

Harker and Johnston, 1973 [1] (a) 
Hippler, Schippert and Troe, 1975 [2] (b) 

Baulch et a1., 1973 [4] 
Hampson and Garvin, 1975 IS] 

N02 ) evaluated with k(O + N02 ) = 9.3 X 10-12 

cm3 molecule-1 s- 1 taking N2 0 S reactions and fall-off ef
fects into account. Relative efficiencies of M, He: Ne: 
Ar: CO: N2 : CO2 : CH4 : SF6 = 3.5: 2.9: 3.5: 5.9: 2.9: 
8.5: 10.6: 12; several larger hydrocarbons have also 
been measured as bath gases. 

(c) The evaluations [4] and [5] are based on different 
reference rate coefficients. There is no difference in the 
rate coefficient ratios used for the evaluations. 
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Preferred Value 

Reliability 

A log ko = ±0.1 at 298 K. 

Comments on Preferred Values 

Preferred value from Harker and Johnston (1973) and 
Hippler, Schippert and Troe (1975) accounting for fall
off effects. For a theoretical analysis of ko see Troe 
(1977) [4]. 

High Pressure Rate Coefficients 

Rate coefficient data 

k .. /cm3molecule- ' S-1 Temp.1K 

Relative Rate Coefficients 

(2.2 ± 0.3) X 10-11 295 

Commenb 

(a) From N02 photolysis in the presence of 0.1 - 1000 
atm of N2 ; detection of N02 by UV absorption; full fall
off curve obtained. Measured klk (0 + N02), assuming 
pressure independentk(O + N02 ), evaluated withk(O + 
N02 ) = 9.3 x 10-12 cm3 molecule-l S-I. Full fall-off curve 
shown in ref •. [3]. 

Preferred Value 

Reliability 

a log kr61 =:to.l at 295 K. 

Comments on Pre/erred Values 

Only one determination, more experiments desirable. 

ABO = -287 kJ mol- l 

Reference Comments 

Hippler, Schippert and Troe, 1975 [2] (a) 

Intermediate Fall-off Range 

From the preferred values one derives [N2]c = 2.4 x 
102°molecule/cm3 at 295 K in agreement with the fall-off 
measurements of ref . .[3]. A broadening factor Fe of 0.8 
is measured [3] in agreement with theoretical estimates. 

References 

[l] Harker, A. B. and Johnston, H., J. Phys. Chern. 77,1153 (1973). 
{2] Hippler, H., Schippert, C. and Troe, J., Int. J. Chern. Kinet. Symp. 

1, 27 (1975). 
[3] Gaedtke, H., Glanzer, K., Hippler, H., Luther, K. and Troe, J., 

14th Int. Symp. on Combustion (Combustion Institute, 
Pittsburgh), p. 295 (1973). 

[4] Troe, J., J. Chern. Phys. 66, 4758 (1977). 
[5J Hampson, R. F. and Garvin, D., eds., Nat. Bur. Stand. (U.S.), 

Spec. Pub]. 513 (1977). 

Rate coefficient data 

k lerna molecule-I S-1 Temp.1K 

Relative Rate Coefficients 

(1.0 ± 0.4) ~ 10-11 298-329 

Reviews and Evaluations. 
1.0 x 10-11 300 

Comments 

(a) Value derived by computer 5imulation of complex 

system (N2 Os catalyzed decomposition of 0 3 with photol
ysis of N03 and molecular modulation experiments) with 
15 step mechanism. 

(b) Quoting result reported in reference [1]. 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

Reference Comments 

Graham and Johnston, 1978 [1] (a) 

Hampson and Garvin, 1978 [2] (b) 

Preferred Value 

Reliability 

~ log k = ±O.S at 298 K. 
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Comments on Preferred Value 

Preferred value is the only reported value for this rate 
constant. Since this value is derived from the analysis of 
a very complex system and is not confirmed by separate 
study, it must be used with caution. The temperature 
dependence is expected to be small. 

References 

[1] Graham, R. A. and Johnston, H. S.,J. Phys. Chern. 82,254 (1978). 
[2] Hampson, R. F. and Garvin, D., Nat. Bur. Stand. (U.S.), Spec. 

Publ. 513 (1978). 

Rate coefficient data 

k Icm3 molecule-1 S-I Temp.IK 

Absolute Rate Coefficients 
s3 X 10-16 223-300 

Relative Rate Coefficients. 
<2 X 10-14 298 

Reviews and Evaluations. 
<2 x 10-13 300 

Commen~s 

(a) Discharge flow, [N2 0 S] monitored by mass spec
trometry. Upper limit only. 

(b) Value derived by computer simulation of complex 

system. Value depends on identity of products. 
(c) Quoting a preliminary value. 
(d) Also quoted in Hampson and Garvin, 1978 [4]. 

Preferred Value 

k :5 3 X 10-16 cm3molecule-1s-1 over range 220-
300K. 

Reference Comments 

Kaiser and Japar, 1978 [1] (a) 

Graham and Johnsto.1, 1978 [2] (b,d) 

Hampson and Garvin. 1975 [3] (c,d) 

Comments on Preferred Value 

Preferred value is that given by the only published 
direct study of this reaction. On the basis of the upper 
limiting v~ll1p. of the T:lte ~onstant, this rea~tjon ~an not 

be of any importance. 

References 

[1] Kaiser, E. W. and Japar, S. M., Chern. Phys. Lett. 54,265 (1978). 
[2] Graham, R. A. and Johnston, H. S., J. Phys. Chern. 82,254(1978). 
[3] Hampson, R. F. and Garvin, D., Nat. Bur. Stand. (U.S.), Tech. Note 

866 (1975). 
[4] Hampson, R. F. and Garvin, D., Nat. Bur. Stand. (U.S.), Spec. 

Publ. 513 (1978). 

Rate coefficient data 

k lema molecule-1 $-1 Temp./K 

Absolute Rate Coefficients 
(6.9 ± 0.6) X lO-ll 300 
2.0 X 1O-ll exp«107 ± 8)11') 104-354 
(2.8 ± 0.6) X 10-11 300 

Reviews and Evaluations. 
5.4 X 10-11 300 
5.4 x 10-11 300 
2.1:1 X 10-11 2~ 

2.0 X 10-11 exp(l07ff) 200-300 

Comments 

(a) Flow system. [OeD)] monitored in absorption by 
time resolved attenuation of resonance radiation at 115.2 
nm O(3D2 ~ 2D2 ). Analysis of data uses modified Beer
Lambert law: It110 = exp(-E(cl)i') with 'Y = 0.41. 

Reference Comments 

Heidner, Husain and Wiesenfeld, 1973 [1] (a) 
Streit et aI., 1976 [2] (b,g) 

Cvetanovic, 1974 [3] (c) 

Hampson and Garvin, 1975 [4] (d) 
, Schofield, 1978 L51 (e) 

NASA, 1977 [6] (f,g) 

(b) Flow 5Y5tem. [OeD)] monitored by time resolved 
decay of the O(1D) ~ O(3P) emission at 630 nm. 

(c) Recommended value based on· analysis of com
plete set of OeD) rate data-both large body of relative 
rate data and the existing absolute rate data. Recom
mended in Hampson.and Garvin, 1975 [4]. 
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(d) Accepted recommendation of Cvetanovic, 1974 
[3]. 

(e) Evaluation--details not given. 
(f) Accepted results in Streit et al., 1976 [2]. 
(g) Recommended in Hampson and Garvin, 1978 [7]. 

Preferred Value 

k = 4.5 X 10-11 cm3 molecule-1 s-1 at 298 K. 
k = 3.2 X 10-11 exp(1071T) cm3 molecule-1 s-1 over 

range 200-350 K. 

Reliability-

A log k = ±0.15 at 298 K. 
A lelR) = ± 100 K. 

Comment.<i on Preferred Value 

Preferred value is derived from a consideration of the 
rate data for this reaction relative to that f~r the refer
ence 1~(u.:;Ljun: OeD) + CO2 ' The ratioklk(O(1D) + CO2) 

is derived from the absolute values reported from the 
NOAA Laboratories and from the University of Cam
bridge. The preferred value for this ratio is the mean 
value of these two derived ratios and that given in 
reference [3]. These values are the following: 0.28 

(NOAA Laboratories [2]); 0.40 (Cambridge Laboratory 
[1], {8]); 0.30 (Cvetanovic's review {3]; 0.33 (mean 
value). The preferred value of the rate constant for the 
referenc~ reaction of OeD) with CO2 is taken as the 
simple average of the value reported from the NOAA 
Laboratories (1.0 X 10-10 cma molecule- 1 S-I, ref. [2]) 
and that reported from the Cambridge Laboratory (1. 7 x 
10-10 cma molecule- 1 S-I, ref. [8]). The preferred value 
for k is then derived from the values klk(O(lD) + CO2 ) = 
0.33 and k(O(lD) + CO2 ) = 1.35 x 10-10 cm3mole
cule- l S-1 • The temperature dependence in reference [2] 
is accepted. For further comments on O(lD) values see 
Introduction. 

References 

[1] Heidner, R. F. III, Husain, D. and Wisenfeld, J. R., J. Chern. Soc. 
Faraday Trans. 2 69. 927 (973). 

[2] Streit, G. E., Howard~ C. J., Schmeltekopf, A. 1., Davidson, J. A. 
and Schiff, H. I., J. Chern. Phys. 65,4761 (1976). 

[3] Cvetanovic, R. J. Can. J. Chern. 52,1452 (1974). 
[4] Hampson, R. F. and Garvin, D., Nat. Bur. Stand. (U.S.), Tech. 

Note 866 (1975). 
[5] Schofield, K., J. Photochem. 9,55 (1978). 
[6] NASA Reference Publication 1010, R. D. Hudson, editor, Chapler 

1 (1977). 
[7] Hampson, R. F. and Garvin, U., Nat. Hur. Stand. (U.S.), Spec. 

. Publ. 513 (1978). 
[8] Fletcher, I. S. and Husain, D., Can. J. Chern. 54,1765 (1976). 

O(1D} + N20 --+ N2 + O2 (1) 

AHO (1) = -520 kJ mol- 1 

AHo (2) = -340 kJ mol- 1 

AHo (3) = -190 kJ mol- l 

k lem3 molecule-1 S-1 

Ah"'olute Rate Coefficients 

(2.2 ± 0.2) X 10-10 

(1.1 ± 0.2) x 10-10 

Branching Ratios 

k11k2 = 0.92 ± 0.10 
k11k2 = (0.72 ± 0.11) + (21.6 ± 7.0)fl' 
k/k2 = 0.80 ± O.ll 
kik s 0.038 

Reviews and Evaluations 

2.2 X 10-10 

2.2 X 10-10 

1.2 X 10-10 

1.1 x 10-10 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

--+ 2NO (2) 

--+ Oep) + N20 (3) 

Rate coefficient data k = k1 + k2 + k3 

Temp.1K Reference Comments 

300 Heidner and Husain, 1973 [1] (a) 
204-359 Davidson et at, 1977 [2] (h,i) 

290 VoUtrauer et a1., 1979 [3] (c) 
170-434 Davidson et al., 1979 [4] (d) 
300 
300 

300 Cvelanovic, 1974 [5] (e) 
300 Hampson and Garvin, 1975 [6] (f) 

298 Schofield, 1978 [7] (g) 

200-300 NASA, 1977 [8] (h,i) 
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Comments 

(a) Flow system. [OeD)] monitored in absorption by 
time resolved attenuation of resonance radiation at 115.2 
nm. 0(3D2 ~ 2D2 ). Analysis of data uses modified Beer
Lambert law: Itllo = exp(-e(cl)'Y) with 'Y = 0.41. 

(b) Flow system. [OeD)] monitored by time resolved 
decay of the O(lD)~ 0(3P) emission at 630 nm. 

(c) Branching ratio measurements. Product N2 mea
sured by gas chromatography_ NO and its oxidation prod
uct N02 measured by chemiluminescence analyzer. 
Value quoted for ratio kllk2 is that measured in excess 
helium. Lower value (0.73 ± 0.11) measured in absence 
of helium. 

(d) Branching ratio measurements using chemical
ionization mass spectrometry to measure products. 
Value quoted for ratio k1lkz is that mp.a~1Jrf~d in excess 
helium. Lower value (0.68 ± 0.11) measured in pure 
N2 O. Reaction channels (1) and (2) are the only signifi
cant reaction channels. 

(e) Recommended value based on analysis of com
plete set of OeD) rate data-both large body of relative 
rate data and the existing absolute rate data. Recom
mended in Hampson and Garvin, 1975 [6]. Reviewed 
branching ratio data and recommended value of 
kllk2 = 1. 

(f) Accepted recommendation of Cvetanovic, 1974 
[5]. 

(g) Evaluation-details not given. 
(h) Accepted results in Davidson et aI., 1977 [2] and 

the branching ratio of unity recommp.ndp.d in Cvetanovic. 
1974 [5]. 

(i) Recommended in Hampson and Garvin, 1978 [9]. 

Preferred Value 

kl = 7.4 X 10-11 cm3 molecule- l S-1 • 

k2 = 8.6 X 10-11 cm3 molecule-1 S-1 • 

Independent of temperature over range 200-350. 

Reliability 

~ log kl ~ ~ log k2 = ±0.15 at 298 K. 
~ (EIR)1 = ~ (E/R)2 = ±100 K. 

Comments on Pre/erred Value 

P~eferred value for k is derived from a consideration of 
the rate data for this reaction relative to that for the 
reference reaction: UeD) + CO2 , The ratio klk(OrD) + 
CO2 ) is derived from the absolute values reported from 

the NOAA Laboratories and from the University of Cam
bridge. The preferred value for this ratio is the mean 
value of these two derived ratios and that given in 
reference [5]. These values are the following: 1.10 
(NOAA Laboratories [2], [101; 1.29 (Cambridge Labora
tory [1], [11]; 1.31 (Cvetanovic's review.[5]; 1.2 (mean 
value). The preferred value of the rate constant for the 
reference reaction of 0(1 D) with CO2 is taken as the 
simple average of the value reported from the NOAA 
Laboratoriea (1.0 X 10-16 cm3 lDolecule-1 S-I, ref. [10] 

and that reported from the Cambridge Laboratory (1.7 X 

10-10 cm3molecule- 1 s- 1
, ref. [11]. The preferred value 

for k is then derived from the values of klk(O(lD) + 
CO2) = 1.2 and k(O(1D) + CO2) = 1.35 x 10-10 

cm3 molecule-1 S-I. The temperature independence of k 
reported in reference [2] is accepted. 

The cUIlclu~jun statt:d in reference [4] that reaction 

channels (1) and (2) are the only significant reaction chan
nels is accepted. This is equivalent to setting k = k 1 + k2 • 

The branching ratio R = kl1k2 reported in reference [4] 
has only a very slight temperature dependence decreas
ing from 0.83 at 200 K to 0.78 at 350 K. These results can 
be approximated by a value of 0.80 independent of tem
l't:raturt:. Tht: value uf the bl-anching ratio recommended 

in this review (0.85 ± 0.1) is the simple average of the 
results in references [3] and [4]. 

The recommendation given here can be stated in the 
equivalent form: k = 1.6 X 10-16 cm3 molecule-1 s- 1 and 
kJlk2 = 0.85 ± 0.1. For further comments on O(1D) values 
see introduction. 
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HO + NO + M ~ HONO + M 

Il.HO = -209 kJ mol- 1 

Low Pressure Rate Coefficients 

Rate coefficient data 

k o/cm3 molecule- I S-I Temp.IK 

Absolute Rate Coefficients 

(5.8 ± 1.2) x 10-31 (T/295t2•4 [N2 ] 295-450 
(7.8 ±'1.2) x 10-31 [N2 ] 296 
(15 ± 5) x 10-31 [N2 ] 300 
(6.1 ± 0.5) x 10-31 [N2 ] 298 
5.6 X 10-31 [N2 ] 295 

8;2 X 10-31 (TI298t z.5 [Nz] 233-505 

Reviews and Evaluations 

(7 ± 2) X 1O-31 {TI298t 2•s [NzJ 

Comments 

(a) Discharge flow system study with resonance fluo
rescence detection ofHO. Pressure range 1-10 Torr; no 
fall-off correction required in the measured range. Rela
tive efficiencies ofM, N2 : Ar: He: = 1.0: 0.58: 0.57. 

(b) Discharge flow system study with laser magnetic 
resonance detection of HO. Pressure range 0.4-5 Torr; 
no fall-off correction required. Relative efficiencies of M, 
N2 : Ar: He = 1.0: 0.56: 0.51. 

(c) Discharge flow system study. Relative efficiencies 
of M, N2 : Ar = 1.0: 0.47. 

(d) Flash photolysis study with resonance fluores
cence detection of HO. Pressure range 25-655 Torr for 
M=Ar. N2 value obtained at 25 Torr where about a + 10% 
fall-off correction would be required. Relative efficien
cies of M, N2 : Ar = 1.0: 0.7. 

(e) Flash photolysis study with resonance absorption 
detection of HO. Pressure range 25-770 Torr, measure
ments in the fall-off range extrapolated with the 
Lindemann-Hinshelwood expression. Relative efficien-

Reference Comments 

Anderson, Margitan and Kaufman, 1974 [1] (a) 
Howard and Evenson, 1974 [2] (b) 
Harris and Wayne, 1975 [3] (c) 
Atkinson, Hansen and Pitts, 1975 [4] (d) 
Overend, Paraskevopoulos and 

Black, 1976 [5] (e) 

Anastasi and Smith, 1978 [6] (f) 

Zellner, 1978 [7] 

cies of M, N2 : He: Ar: NO: SF6 : CF4 : H2 0 = 1.0: 
0.27: 0.4: 8.7: 3.1: 3.3: 8.5. 

(f) Flash photolysis study with resonance absorption 
detection of HU. Range of bath gas concentrations 3.7 x 
1017 - 1.6 x 1019molecule cm-3 • From measurements 
over the given temperature range one derives ko(296 K) = 
6.6 X 10-31 [N2 ] cm3 molecule-1 S-l. 

Preferred Value 

ko = 6.5 X 10-31 (TI300t 2
.4 [N2 ] over the range 

220-440 K. 

Reliability 

ll. log ko = ±0.1 over range 220-440 K. 

Comments on Pre/erred Values 

Good general agreement consistent with theoretical 
analysis in ref. [6]; the preferred value was obtained by 
avtaagillg Lht:: data of lef~. [1], [2], [4]-{6]. 

High Pressure Rate Coefficients 

k cc lem3 molecule- 1 S-1 

Absolute Rate Coefficients 

>0.8 x 10- 11 

1.1 X 10-11 

0.85 X 10- 11 

Relative Rate Coefficients 

1.0 X 10-11 

1.2 X 10-11 

Reviews and Evaluations 

(1.0 ± 0.2) x 10- 11 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

Temp.1K 

298 
295 

298 
298 

220-300 

Rate coefficient data 

Reference 

Atkinson, Hansen and Pitts, 1975 [4] 
Overend, Paraskevopoulos and 

Black, 1976 [5] 
Anastasi and Smith. 1978 [6] 

Sie, Simonaitis and Heicklen, 1976 [8] 
Cox, Derwent and Holt, 1976 [9] 

Zellner, 1978 [7] 

I 
Comments 

(a) 

(b) 
(c) 

(d) 

(e) 
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Comments 

(a) See comment (d) for ko; kC¥J from Lindemann
Hinshelwood extrapolations of k in the fall-off range. 

(b) See comment (e) for ko; koo from Lindemann
Hinshelwood extrapolation of k in the fall-off range. 

(c) See cummenL (f) fur ko; kC¥J flUlU reduced Kal5l5el 

integral extrapolation of k in the fall-off range. 
(d) Stationary photolysis of N2 0 in the presence 

of CO, NO and excess H2 (up to 1 atm). Measured 
klk(OH + CO) evaluated withk(OH + CO} = 2.9 X 10-13 

cm3molecule-1 S-I. Extrapolation of fall-off curve. 
(e) Stationary photolysis of HONO in the presence of 

added gases and 1 atm of N2 + O2, Based on k(OH + 
H2 ) = 7.0 X 10-15 cm3 molecule-1 s-1 at 298 K. 

Preferred Value 

kC¥J = 1.0 X 10-11 cm3 molecule-1 S-l over range 220-
4OOK. 

Reliability 

tJ.log koo = ±0.2 over range 220-400 K. 

tJ.HO = -207 kJ mol-1 

Comments on Preferred Values 

The preferred value is consistent with a theoretical 
analysis in ref. [6] leading to kC¥J = 1.5 X 10-11 ems 
molecule-1 S-1 

Intermediate Fall-off Range 

From the preferred values one derives [N2 ]c = 1.7 X 

1019molecules cm-3 • The observed fall-off curves are 
consIstent with an estimated broadening factor F C == 
0.8 ± 0.1 at 300 K. 
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Low Pressure Rate Coefficients 

Rate coefficient data 

ko/cm3 molecule-I S-1 Temp./K 

Absolute Rate Coefficients 
?.3 x 1O-30(TI29S)-2.s [NzJ 295-450 
2.9 X 10-311 [N21 296 
2.6 x 10-30 [N2] 300 
2.6 x 1O-30 (TI296)-2.6 [N2 ] 220-550 
1.0 x 10-3°(TI300)-2.9 [He] 213-300 
3.1 X 10-32(TIlOOOt2.11 [Ar) 800-1200 

Reviews and Evaluations 
1.4 x 10-30 [He] 300 
see comment (g) 200-350 
3.1 X 10-30 [N2] 298 
2.6 X 10-30(TI298t2.'T [N2) 

Comments 

(a) Discharge flow system study with resonance fluo
rescence detection of HO; in the pressure range 1-10 
Torr ko ex [N2 ] was found; relative efficiencies of M, He: 
Ar: N2 = 1.0: 1.0: 2.3 

(b) Di:5charge flow :sy:stem with la:ser magnetic re:5O

nance detection of HO; in the pressure range 0.4-5 Torr 

Reference Comments 

Anderson, Margitan and Kaufman, 1974 [1] (a) 

Howard and Evenson. 1974 {2] (b) 
Harris and Wayne, 1975 [3] (c) 
Anastasi and Smith, 1976 {4] (d) 
Erler. Field and Zellner, 1977 [5] (e) 
Glanzer and Troe, 1974 [6] (f) 

Baulch et aI., 1973 [7] 
NASA, 1977 [8] (g) 
Smith and Golden, 1978 [9] (h) 
Zellner, 1978 [10] 

a small deviation from ko ex [N2 ] was observed but attrib
uted to wall effects. 

(c) Discharge flow system study; relative efficiencies 
of M, Ar: N2 = 1.0: 1.7 

(d) Flash photolysis study with resonance fluores
cence detection of HO; with bath gas concentrations in 
the range 3.2 X 1017 - 1.6 X 1019 molecule cm-:-3 a 

substantial part of the fall-off curve was measured, rela-
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tive efficiencies of M, N2 : He: Ar: O2 : SF6 = 2.6: 0.9: 
1.1: 1.8: 6.7 

(e) Discharge flow system study with resonance fiuo" 
rescence detection of HO; pressure range 2-12 Torr. 

(f) Shock wave study of the decomposition of HNOa; 
at hath gas concentrations 4.8 X 1018 - 2.0 X 1()20 a 

substantial part of the fall-off curve was observed. Given 
expression includes room· temperature data, see however 
ever also comment (c) to kIlO' 

(g) A complex analytical expression as a function of T 
and log [N2 ] is given correlating the data of refs. cited 
here. Since this expression is only applicable in a limited 
range of conditions and does not .give correct ko or kao 
values, it is omitted here; we recommend instead the use 
of the more reasonable expressions of this work. 

(h) Data evaluation with modified RRKM formalism. 

Preferred Value 

ko = 2.6 X 10-3°(TI3oot2•7 [N2 ] cm3 molecule- t S-1 

over range 220-550 K. 
ko = 1.0 x 10-30(T/300t2.l:I [Ar] cm3 molecule- l S-l 

over range 300-1200 K. 

Reliability 

A log ko == ±0.1 over range 220-550 K. 

= ±0.3 over range 300-1200 K. 

Comments on Preferred Values 

The data in the low temperature range appear very 
reliable and only minor uncertainties because of the fall
off corrections remain; possibly a slight increase of ko 
due to this effect (+ 10%) could be envisaged. The high 
temperature data depend on the quality of the fall-off 
extrapolation ~nd larger uncertainties have to be taken 
into account. An analysis of kQ by theory is given in 
ref. [11]. 

High Pressure Rate Coefficients 

Rate coefficient data 

k",/cm3 molecule-1 S-1 Temp.1K 

Absolute Rate Coefficie~ts 
1.6 X 1O-I1(TI296t2•1 220-550 
>8.5 X 10-12 298 
=::1.9 X 1O-12(TIlOOOto.slI 800-1200 

Comments 

(a) Measurements in the lower part of the fall-off range 
extrapolated to k oo • Data in the range of 220-360 K are 
also consistent with a temperature independent k oo • At T 
> 360 K the extrapolation is very uncertain because of a 
limited pressure range and the large distance from the 
high pressure limit. Further remarks, see comments for 
ko• 

(b) Flash photolysis-resonance fluorescence tech
nique. Measurements in the pressure range 25-948 Torr 
in Ar. Lindemann-Hinshelwood extrapolation toward k<rJ 
is responsible for slightly low value of k oo • 

(c) From shock wave study of decomposition ofHN03 

in Ar in the range 6 X 1018 - 1.8 X lQ2°molecule cm-3 • 

koo obtained by extrapolation of the middle part of the 
fall-off curve. Larger kao values are possible if weak colli
sion broadening effects are included. Alternative fall-off 
curves can be constructed with ko decreased by about a 
factor of 1.5 and kao increased by a factor of 10, see 
ref. [14]. 

Preferred Value 

kao = 1.6 X 10-llcm3 molecule-1 S-1 over range 200-360 
K (probably also over range 200-1200 K). 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

Reference Comments 

Anastasi and Smith, 1976 [41 (a) 
Atkinson, Perry and Pitts, 1976 [2] (b) 
Glanzer and Troe, 1974 [6) (c) 

Reliability 

!'!. log k ... = +0.2 at 298 K. 

Comments on Preferred Values 

The room temperature value of kao appears to be well 
established. As suggested by a theoretical analysis of kao 
(Quack and Troe, 1977 (13]), the measured temperature 
dependence of ka; should be used with caution, a tem
perature independent value of ka; being more plausi
ble [13]. Reinspection of the fall-off curves of refs. [4] 
and [6] indicates that this would also be consistent with 
the data but require a different construction of the fall-off 
curves, see ref. [14]. 

Intermediate Fall-off Range 

From the preferred values one derives [N2]c = 2.7 X 

1018 molecule cm-3 at 220 K and [N2 ]c = 6.2 X 1018 

molecule cm-3 at 300 K. The measured fall-off curves 
can well be represented with F c = 0.75 ± 0.1· at 300 K 
and F c = 0.8 ± 0.1 at 220 K in agreement with theoretical 
estimates. F c decreases with temperature; for higher 
temperatures, calculations of Fe by the methods men
tioned in the Introduction should be made. See also [14]. 
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Rate coefficient data 

k Icm3 molecule'-) S-1 Temp.IK 

Absolute Rate Coefficiente 

(8 ± 2) X 10-14 240-406 
(8.9 ± 1.3) X 10-14 270-470 
(1.6 ± 0.3) X 10-)3 l000-1100 

Reviews and Evaluations. 

6 x 10-13 exp(-400ff) 300-650 
1.3 X iO-13 300 
1.3 X 10-13 220-270 
8 X 10-)4 200-300 

Comments 

(a) Flash photolysis of HNOa• [OH] monitored by 
resonance absorption. Experiments with pure HNOa 
« 0.4% N02 ) over range 240-300 K. Other experiments 
over range 240-406 K with correction made for effect of 
1.4% N02 impurity. Value given is that recommended by 
author for room temperature and below. Within the 
stated error limits it encompasses all data over entire 
temperature range. Recommended in NASA, 1977 [7] 
and in Hampson and Garvin, 1978 [8]. 

(b) Discharge flow system. Hydroxyl radicals pro
duced by reaction ofH atoms with N02 • [OH] monitored 
by resonance fluorescence. Value given is mean of 
vahlP'J:l mp.aJ:lurp.d at 295, 420 and 465 K. Slightly higher 
value at 272 K considered by authors to be less reliable. 

(c) Thermal decomposition of HN03 in shock wave. 
[N03 ] monitored by absorption. 

(d) Evaluation--outdated by newer data in refer
ences [1], [2] and [3]. 

(e) Accepted results of Smith and Zellner, 1975 [1]. 
(f) Recommended in Hampson and Garvin, 1978 [8]. 

Preferred Value 

k = 8.5 X 10-14 cm3 molecule-1 S-1 over range 240-470 
K. 

Reference 

Smith and Zellner, 1975 [11 
Margitan, Kaufman and Anderson, 1975 [2] 
Glanzer and Troe, 1974 {31 

Tsang, 1973 [4] 
Baulch et aI., 1973 [5] 
Hampson and Garvin, 1975 [61 
NASA, 1977 [7] 

Reliability 

Illog k = ±O.IO at 298 K. 
A f$IR) = ±300 K. 

Comments on Preferred Value 

Comments 

(a,t) 
(b) 
(c) 

(d) 
(d) 
(d) 
(e,t) 

Preferred value is mean of values reported in 
references [1] and [2]. This is an unusually low A-factor 
for a simple H atom abstraction and the fact that the 
indicated p1:"oducts are unconfirmed suggests the need 
for mechanistic studies. Although the high temperature 
results in reference {3] have not been used in the deriva
tion of the. preferred value, they ~npport thp.low A-factor. 
They have been used in calculation of A EIR. 
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[3] Glanzer, K. and Troe, J., Ber. Bunsenges, Phys. Chem. 78. 71 
(1974). 
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Chem. Ref. Data 2,267 (1973). 
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[5] Baulch, D. L., Drysdale, D. D. and Home, D. G., "Evaluated 
Kinetic Data for High Temperature Reactions, Vol. 2: Homoge
neous Gas Phase Reactions of the H2 -N2 -02 System", Butter
worths, London (1973). 

[6] Hampson, R. F. and Garvin, D., Nat. Bur. Stand. (U.S.), Tech. 
Note 866 (1975). 

Rate coefficient data: no data on this reaction exist 

Preferred Value 

No preferred value. 

Comments on Pre/erred Value 

No study of this reaction has been reported. The rate 
constant can only be very roughly el5timated from conl5id-

t1HO = -20 kJ mol- 1 

[7] NASA Reference Publication 1010, R. D. Hudson, editor, Chapter 
1 (1977). 

{8] Hampson, R. F. and Garvin, D., Nat. Bur. Stand. Spec. Publ. 513 
(1978). 

eration of similar reactions. Presumably the reaction 
proceeds by H-atom abstraction. The rate coefficient for 
H-atom abstraction by the HO radical from the related 
molecule HONO~ is 8.5 x 10-14 cm3 molecule-I S-1, this 
evaluation. Based on this a value of approximately 1 x 
10-13 cm3 molecule-1 S-1 is suggested for this rate coeffi
cient. This value must be considered to be very uncertain 
(to at least an order of magnitude). Clearly studies of this 
reaction are needed. 

Rate coefficient data 

k lem3 molecule-1 S-1 Temp.IK 

Absolute Rate Coefficients 

(8.1 ± 1.5) X 10-12 296 
(3.3 ± 0.7) X 10-12 exp«254 ± SO)fI') 230-400 
(8 ± 2) X 10-12 298 
(7.9 ± 1.0) X 10-12 298 
5.7 X 10-12 exp«(130 ± 270)fI') 270-425 
(9.8 ± 1.6) x 10-12 298 

Relative Rate Coefficients .. 
1.2 X 10-12 296 
(7.5 ± 1.7) x 10- 12 1350-1700 
(1.9 ± 0.5) x 10-11 exp(-(1200 ± 1SO)fI') 298-670 
2.5 x 10-13 298 
0.8 x 10-12 296 
1.0 x 10-11 exp(-(700 ± 250)fI') 245-328 
1.0 x 10-12 296 
(8.3 ± 1.4) x 10-12 298 
4.1 X 10-12 283 

Reviews and Evaluations. 
2 x 10-13 300 
8 x 10-12 200-300 

Comments 

(a) Discharge flow system. [H02 ] monitored by laser 
magnetic resonance. From observation of H02 decay in 
steady-state experiments, an upper limit of 4.5 X 10-30 

cm6 molecule-2 
S-1 for the third order rate constant for a 

potential addition reaction channel was established. If 
the value of this rate constant is as much as one-tenth of 
this upper limit, then the addition channel becomes im
portant under atmospheric conditions. 

(b) Same system as described in (a). 
(c) Discharge flow system. [HO] monitored by reso

nance fluorescence. 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

Reference Comments 

Howard and Evenson, 1977 [1] (a,o) 
Howard, 1979 [2] (b) 
Margitan and Anderson, 1978 [3] (c) 
Reimann and Kaufman, 1978 [41 (d) 
Leu, 1979 (5) (e) 

Cox and Derwent, 1975 [61 (f) 
Glanzer and Troe, 1975 (7) (g) 

Hack, Hoyermann and Wagner, 1975 [8] (b) 

Simonaitis and Heicklen, 1978 [9] (i) 
Simonaitis and Heicklen, 1978 [10] (j) 

Burrows et al., 1978 [11] (k) 
Cox and Patrick, 1979 [12] (I) 

Hampson and Garvin, 1975 [13] (m) 
NA~A, 1977 {l4] (n,o) 

(d) Discharge flow system. [HO] monitored with tun
able dye laser. 

(e) Discharge flow system. [HO] monitored by reso
nance fluorescence. 

(0 Steady photolysis of HONO in N02 and CO at 1 
atm N2 + O2, Observed effect of added NO and N02 on 
rate of formation of nitrogen oxides. Rate constant values 
derived from computer fit to nine step reaction mech
anism. Reaction (2) at a rate of 0.12 times rate of reaction 
(1) included in mechanism but adduct not observed. 

(g) Shock wave pyrolysis of HN03 •. [H02 ] measured 
by UV absorption. Rate constant values derived from 



KINETIC AND PHOTOCHEMICAL DATA FOR ATMOSPHERIC CHEMISTRY 347 

computer fit. Value of k calculated from measured rate of 
reverse reaction and equilibrium constant. 

(h) Discharge flow system. [OH] monitored by ESR 
technique. Steady-state [HO] and [H02] reached in 
chemical system described by reaction (1) and the refer
ence reaction HO + H20 2 ~ H02 + H20 klk(HO + 
H202) = 2.5 exp(-530IT); k(HO + H20 2) = 7.6 x 10-12 

exp( -670IT) cm3 molecule- l S-I-, this evaluation. 
(i) Steady photolysis of N2-O-H2-02-NO mixtures 

at 214 nm. Initial quantum yield for NO disappearance 
monitored by chemiluminescent reaction with 0 3 • 

klk 1/'(H02 + H02) = 5.1 x 10-7 ; k(H02 + H02) = 2.3 x 
10-12 cm3 molecule- l S-I, this evaluation k21kl ::s 2 x 10-3 

at I atm H2. 
(j) Same system as described in (i), klk

J

/'(H02 + 
H02 ) = 6.4 X 10-6 exp(-700IT). 

(k) Discharge flow system. [HO] and [H02] measured 
by laser magnetic resonance. Steady-state [HO] and 
[H02] reached in chemical system described by reaction 
(1) and the reference reaction HO + H2 0 2 ~ HOl:! + 
H20. klk(HO + H20 2) 10.4 ± 0.5; k(HO + H2 0 2 ) 

8.0 X 10-13 cm3 molecule-1 S-1 , this evaluation. 
(1) Periodic photolysis of Cl2 in excess H2 and O2 with 

N02 present. [H02] monitored by molecular modulation 
ultraviolet spectrometry. k(H02 + N02 ~ H02 N02) = 
9 X 10-13 cm3 molecule- 1 8-1 • Study of HONO-CO 
photolysis system gave klk(H02 + N02) = 4.5 ± 0.6. 
Authors combined these results to derive value of k 
shown in table. 

(m) Evaluation based on indirect studies. Outdated by 
results of newer, direct studies. 

(n) Accepted results of Howard and Evenson, 
1977 [I]. Assumed k to be temperature-independent. 

(0) Recommended in Hampson and Garvin, 1978 
[15]. 

Preferred Value 

k = 8.4 X 10-12 cm3 molecule- l 8- 1 at 298 K. 
k = 4.3 X 10-12 exp(200IT) cm3 molecule- l 

S-1 over 
range 230-425 K. 

tlHO = -89 kJ mol- 1 

Reliability 

fj. log k = ±0.08 at 298 K. 
fj. (EIR) = ±200 K. 

Comments on Preferred Value 

Preferred value at 298 K is the average of the mea
sured values reported in references [1-5 and II]. The 
temperature dependence is derived from a least squares 
fit to the data of Howard, 1978 [2] and Leu, 1979 [5]. The 
direct studies have all been made at low pressures, and 
it is possible that this rate constant may exhibit a pres
sure dependence. Studies at atmospheric pressures are 
needed. 
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Low Pressure Rate Coefficients 

Rate coefficient data 

k Icm3 molecule-I S-1 Temp.1K Reference Comments 

Absolute Rate Coefficients 

(2.1 ± 0.07) x 10-31 [N2 ] 300 I Howard, 1977 [1] (a) 
(1.0 ± 0.04) x 10-31 [He] 
(2.5 ± 0.5) X 10-31 [N2 ] 283 Cox and Patrick, 1979 [2) (b) 

Reviews and Evaluations 

see note (c) NASA, 1977 [3] 

I 

(c) 
2.1 X 10-31 [N2 ] 300 Zellner, 1978 [4] (d) 
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Comments 

(a) Discharge flow system study with laser magnetic 
resonance detection of H02 • Pressure range 0.5-3 Torr; 
linear plot of ko as a function of [He] with non-zero inter
cept being interpreted as contribution from the reaction 
H02 + N02 .~ HONO + O2 , Rdative efficiencies ofM, 
He: N2 : O2 : N02 = 1.0: 2.1: 1.5: 6.6 ± 3. 

(b) Molecular modulation UV spectrometry, H02 
generation by Cl2 photolysis in presence of H2 and O2; 
equimolar O2: N2 mixtures used in the pressure range 
40-600 Torr. Extrapolation to the low pressure limit. 

(c) Tentative recommendation to use the same rate 
constant as for CIO + N02 + M~ ClON02 + M. 

(d) Recommends data of Howard, 1977 [1]. 

Preferred Value 

ko = 2.1 X 10-31 [N2 ] at 300 K. 

Reliability 

Illog ko = ±0.1 at 300 K. 

Comments on Preferred Values 

Probably reliable data. 

High Pressure Rate Coefficients 

Rate coefficient data 

kr:c. Icm3 molecule-I S-1 Temp./K 

Absolute Rate Coefficients 

>(1.5 ± 0.5) x 10-12 283 
:->-1.7 'X 10-12 293 
(=5 X 10-12 ) 

Reviews and Evaluations 
(2 ± 1) x 10- 12 300 
6.5 X 10-12 300 

Comments 

(a) See note (b) of ko• Determination of krs> by extrapo
lating a curved Lindemann-Hinshelwood plot gives an 
internally consistent fall-off plot; measured value k = 
0.92 X 10-12 cm3 molecule-1s-1 at 600 Torr of N2 + O2 
(1: 1). 

(b) From thermal decomposition of H02N02 in static 
reactor, with Fourier transform IR spectroscopy of 
H02N02. Measurements at 1 atm of N2 converted to 
recombination rate constants with the equilibrium con
stants given in ref. [7]; compalisoll of the value k """ 
1. 75 X 10-12 cm3 molecule-1 8-1 at 1 atm with -the low 
pressure value ko for 1 atm of N2 of 5 X 10-12 

cm3 molecule- l s- l leads to kUJ = 5 X 10-12 cm3 mol
ecule- l S-I. 

(c) Based on the data of ref. [5]. 
(d) Calculation with a restricted rotor RRKM theory 

fitted to the data of J-d. [1] and [5] fm H02 N02 decompo
sition. 

Preferred Value 

kUJ = 5 X 10-12 cm3 molecule- l S-1 at 298 K. 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

Reference Comments 

Cox and Patrick, 1979 [2] (a) 
Graham, Winer and Pitts, 1977 [5] (b) 

Zellner, 1978 [4] (c) 
Baldwin and Golden, 1978 [6] (d) 

Reliability 

Illog kG: = ±0.4 at 298 K. 

Comments on Preferred Values 

The preferred value is a compromise between the data 
of ref. [2] and [5]. 

Intermediate F all-off Range 

From the preferred values one derives [N21 c = 2.4 X 

1019 molecule cm-3 at 300 K with an uncertainty of about 
a factor of 3. The broadening factor at the center is 
estimated to be about Fe = 0.7 ± 0.1 at 300 K. 
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AHO = +89 kJ mol- 1 

Low Pressure Rate Coefficients 

Rate coefficient data 

ko/s-l Temp.1K 

Absolute Rate Coefficients 

1.2 X 10-20 [N2 ] 298 
1.5 X 10-'20 [N2 ] 298 

Comments 

(a) Recombination data at 0.5-3 Torr. 
(b) Conversion to dissociation data using the equi

librium constant k(H02N02) ~ H02 + N02)1 
k(H02 + N02 ~ HOzN02 ) 1.68 X H,?8 
exp (- 11977 IT) molecule cm3 from ref. [2]. For experi
mental details see data sheet on H02 + N02 + M ~ 
HOzN02 + M. 

(c) Recombination data over range 40-600 Torr. Ex
trapolation to ko with a curved Lindemann-Hinshelwood 
plot. 

Reference Comments 

Howard, 1977 [1] (a) (b) 
Cox and Patrick, 1978 [3] (c) (b) 

Preferred Value 

Reliability 

A log ko = ±O.l at 298 K. 

Comments on Preferred Values 

Probably reliable data. Temperature dependence to be 
estimated with about ko(H02 + NOz ~ H02 N02 ) oc T-5 
and the equilibrium constant given in comment (b). 

High Pressure Rate Coefficients 

Rate coefficient data 

koo/s-l Temp./K 

Absolute Rate Coefficients 
> 1.4 X 1014 exp(-(10420 ::!: 250)fF) 254-283 K 
>9.2 x 10-2 

I 

298 
>2 X 10-4 258 
>4.5 X 10-2 298 
>8.8 X 10-2 298 

Comments 

(a) Heterogeneous reaction of N02 and Hz O2 used to 
generate H02 N02 • Measurements at 1 atm of N2 • 

HOz NOz detection by Fourier transform IR spectros

copy. 
(b) Generation of H02 NOz similar to ref. [4]. Chemi

luminescence detection technique. Measurements at 1 
atm of Nz• 

(c) Extrapolated to 298 K with temperature coefficient 
of ref. [4]. 

(d) See comments (b) and (c) for lto. Extrapolated lea::: 
value; the measured value for 1 atm would be a factor of 
0.7 lower. 

Preferred Value 

koo = 0.09 S~l at 298 K. 
k~ = 1.4 X 1014 exp(-10420IT)s-1 over range 2!10-~OO 

K. 

Reference Comments 

Graham, Winer and Pitts, 1977 [4] (a) 

Hutton and Kerr, 1979 [5] (b) 

(c) 
Cox and Patrick, 1978 [3] (d) 

Reliability 

~ log ka::: = ±0.6 at 298 K. 
~ (EIR) ±500 K. 

Comments on Preferred Values 

Low preexponential factor possibly due to measure
ments over a too limited pressure range. Increase by a 
factor of 4 is possible as suggested by model calculations 
for the reverse recombination, see data sheet for H02 + 
N02 ~ H02 N02 • The present preferred values give 
[N2 ]c 7.6 X 1018molecule cm-3 • 
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[3] Cox, R. A., :and P:atrick, K., Int. J. Chern. Kinet., 11,635 (1979). 
(4) Graham, R. A., Winer, A. M., and Pitts, J. N. Chern. Phys. Lett. 

SI, 215 (1977); J. Chern. Phys. 68.4505 (1978). 
[5] Hutton, A. J. L., and Kerr, J. A., private communication. 
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NO + 03·~ N02 + O2 

t::..HO = -200 kJ mol- 1 

Rate coefficient data 

.Absolute Rate Coefficients 
(1.73 ± 0.1) X 10- 14 

1.41 X 10-14 

(1.81 ± 0.13) X 10-14 

1.70 X 10-14 

(2.34 ± 0.23) X 10-12 exp(-(1450 ± 50)11') 
(1. 73 ± 0.09) X 10-14 

Reviews and Evaluations 
9 X 10-13 exp ( - 120011') 
1.5 X 10-12 exp ( - 1300/T) 
2.1 X 10-12 exp(-1450IT) 

Comments 

Temp./K 

298 
298 
298 
290 
203-361 
297 

198-330 
200-350 
200-300 

(a) Photolysis of N02 in air. In separate experiments 
monitored lOa] and [NO] by chemilumine"cencp. lIetec

tors. 
(b) Flash photolysis system. Monitored [03 ] and [N02 ] 

by optical absorption. 
(c) Flow system. Monitored [03 ] by mass spectrom

etry. 
(d) Large static reactor. Monitored [NO] by monitor

ing NOz * chemiluminescence. No details of measure
ment given. 

(e) Fast flow system. Monitored [03 ] by mass spec
trometry. 

(f) Evaluation based on all previously reported data. 
Newer results reported in references [1]-[5]. 

(g) Evaluation based on results reported in Birks et a1., 
1976 [5] with lower "A factor" based on reconsideration 
of primary data. 

(h) Recommended in Hampson and Garvin, 1975 [9]. 
(i) Recommended in Hampson and Garvin, 1978 [10]. 

Preferred Value 

k = 1.8 X 10-14 cm3 molecule-1 S-1 at 298 K. 
k = 2.3 X 10-12 exp(-1450IT) cm3 molecule- l S-1 over 

range 200-360 K. 

Reliability 

A log k = ±0.06 at 298 K. 
A (EIR) = ±200 K. 

J. Phys, Chem. Ref. Data, Vol. 9. No.2, 1980 

Reference 

Stedman and Niki, 1973 {ll 
Ghormley, Ellsworth and Hoehanadel, 1973 [2J 
Bemand, Clyne and Watson, 1974 [3] 
Becker, Sehurath and Seitz, 1974 [4] 
Birks et aI., 1976 [5] 

Herron and Huie, 1973 [6] 
Baulch, Drysdale and Horne, 1973 [7] 
NASA, 1977 [8] 

Comments on Preferred Value 

Comments 

(8) 
(b) 
(e) 

(d) 
(e) 

(f,h) 
(f) 
(g,i) 

Preferred value at room temperature based on results 
reportp.lI in referen~p." [1], [3] and [5]_ Result in Tf~fer

ence [2] is definitely low in comparison with these re
sults. Earlier results are summarized in references 
[6] and [7]. Temperature dependence reported in 
reference [5] accepted as being determined in the most 
complete study covering an extensive temperature 
range. 

References 

[1] Stedman, D. H. and Niki, H., J. Phys. Chern. 77,2604 (1973). 
[2] Ghormley, J. A., Ellsworth, R. L. and Hochanadel, C. J., 1. Phys. 

Chern. 77,1341 (1973). 
[3] Bemand, P. P .• Clyne, M. A. A. and Watson, R. T., J. Chern. Soc. 

Faraday Trans. 2 70,564 (1974). 
[4] Becker, K. H., Schurath, U. and Seitz, H., Int. J. Chern. Kinet. 6, 

725 (1974). 
[5] Birks, J .. W .• Shoemaker, B., Leek, T. J. and Hinton, D. M., J. 

Chern. Phys. 65,5181 (1976). 
{6] Herron, J. T. and Huie, R. E., data sheet published in R. F. 

Hampson, editor, J. Phys. Chern. Ref. Data 2,267 (1973). 
[7] Baulch, D. L., Drysdale, D. D. and Horne, D. G., HEvaluated 

Kinetic Data for High Temperature Reactions, Vol. 2: Homoge
neous Gas Phase Reactions of the H2-N2-02 System" Butter
worths, London (1973). 

[8J NASA Reference Publication 1010, R. D. Hudson, editor, Chapter 
I (1977). 

[9] Hampson, R. F. and Garvin, D., Nat. Bur. Stand. (U.S.), Tech. 
NOlt: 866 (1975). 

[10] Hampson, R. F. and Garvin, D., Nat. Bur. Stand. (U.S.), Spec. 
Publ. 513 (1978). 
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NO + N03 --+ 2N02 

aHO = -95 kJ mol-1 

Rate coefficient data 

klom3 molecule-l s-1 Temp.1K 

Relative Rate Coefficients 

8.7 X 10-12 297 
(1.3 ± 0.7) x 10-11 .1000-1100 
(1.9 ± 0.4) X 10-11 297 

Reviews and Evaluations 

2 X 10-11 (estimate) 300 
8.7 x 10-12 300 
1.9 x 10-11 300 

Comments 

(a) Photolysis of N02 in long-path infrared cell. [N02] 

and LN2 0SJ monitored as function of time and molecUlar 
modulation spectrum of N02 obtained in steady flow 
system. Derived value of klKeq = 0.71 ± 0.05 S-1 where 
Keq is for system: N02 + NOa = N2 Os. Authors com
bined this value with value of Keq = 1.24 X 10-11 

ems molecule- 1 from reference [4] to give value of k listed 
in table. 

(b) Thermal decomposition of HNOa in shock wave. 
Value of k varied to give best fit to observed N02 and NOa 
profiles. 

(c) Studied kinetics of NzO" catalyzed fiecompoj:\ition 
of Oa. From analysis of complex system, derived expres
sion for equilibrium constant for system: N02 + NOs = 
N20 S ' Authors combined value of Keq at 297 K (2.7 x 
10-11 cmsmolecule-1) with value of klKeq reported in 
Harker and Johnston, 1973 [1] to give value of k listed in 
table. 

(d) No TPcommfmfi~tjon givpn; only ortlpT of magni~ 

tude estimate. 
(e) Accepted results of Harker and Johnston, 1973 [1]. 
(f) Accepted results of Graham and Johnston, 

1978 L3]. 

llHO = -93 kJ mol- 1 

Reference CommentG 

Harker and Johnston, 1973 [1] (a) 
Glanzer and Troe, 1974 [2] (b) 
Graham and Johnston, 1978 (3) (c) 

Baulch et aI., 1973 [5] (d) 
Hampson and Garvin, 1975 [6] (e) 
Hampson and Garvin, 1978 [7] (1) 

Preferred Value 

Reliability 

A log k = ±0.5. 

Comments on Preferred Value 

Preferred value is that given in reference [3]. This 
value could be subject to large systematic error because 
it is derived from analyzing results of two complex 
systems. 

References 

[1] Harker, A. B. and Johnston, H. S., J. Phys. Chern. 77,1153 (1973). 
[2] Glanzer, K. and Troe, J., BeT. Bunsenges. Phys. Chern. 78, 71 

(1'974). 
[3] Graham, R. A. and Johnston. H. S., J. Phys. Chern. 82,254 (1978). 
[4] Schott, G. L. and Davidson. N., J. Am. Chern. Soc. 80, 1841 

(195R)_ 

[51 Baulch, D. L.. Drysdrue, D. D. and Home, D. G., "Evaluated 
Kinetic Data for High Temperature Reactions, Vol. 2: Homoge
neous Gas Phase Reactions of the H2-N1r'02 System", Butter
worths. London (1973). 

[6] Hampson, R. F. and Garvin, D., Nat. Bur. Stand. (U.S.), Tech. 
Note 866 (1975). . 

[7] Hampson, R. F. and Garvin, D., Nat. Bur. Stand. (U.S.) Spec. 
Publ. 513 (1978). 

Luw PI el!ll.lun: Rilte Coefficient!!> 

Rate coefficien~ data 

ko/cm3 molecu)e- 1 S-1 Temp.IK Reference Comments 

Reviews and Evaluations 

2_6 x 10-32 p.xp(1480ff) [Ng 0 .. + NO] 300-340 Baulch et al .• 1973 m (a) 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 
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Comments 

(a) Converted from dissociation of N2 Os with new 
equilibrium constant from Graham and Johnston, 
1978 [2]. 

Preferred Value 

ko = 1.5 X 10-30 [N:i] cm3 molecule- 1 s- 1 at 298 K. 
ko = 1.5 X 10-30(TI300)-4.6 rN2 ] cm3 molecule-1 s-1 

over range 300-340 K. 

Reliability 

t:.log ko = ±0.3 over range 300-340 K. 

Comments on Preferred Values 

From preferred data for N2 Os + N2 ~ N02 + NOa + 
N2 , recalculated using the equilibrium constant from 
Graham and Johnston, 1978 [2]. For more details, partic
ularly on collision efficiencies for other M. see data sheet 
N2 0 S + M~ N02 + N03 + M. 

High Pressure Rate Coefficients 

Rate coefficient data 

k~/cm3 moJecule-1 8- 1 Temp.iK 

Absolute Rate Coefficients 

>1.5 X 10-13 exp(863/T) 273-300 
>2.7 x 10-12 298 

Reviews and Evaluations. 

I 
6.8 X 10-13 exp(580/T) 273-340 
4.R X 10- 12 2QR 

Comments 

(a) Recalculated from dissociation of N2 Os with equi
librium constant K = (8.4 ± 1.8) X 1()26 exp(-(11178 ± 
1(0)IT) molecule cm-3 • 

(b) Value given for 1 atm. 

Preferred Value 

k(XJ = 5 X 10-12 cm3 molecule-1s-1 over range 200-400 
K. 

R eliabilit'), 

6 log k(XJ = ±0.3 over range 200-400 K. 

t:.HO = +93 kJ mol-1 

Reference Comments 

Graham and Johnston, 1978 [2] (a,b) 

Baulch et aI., 1973 [1] (a) 

Comments on Preferred Values 

Estimated fall-off correction applied. New experi
ments above 1 atmare needed. 

Intermediute Full-uff Runge 

From the preferred values for ko and koo one estimates 
rN2 ]c = 3.3 X 1018 molecule cm-3 • 

References 

[1] Baulch, D. L., Drysdale, D. D., Horne, D. G. and Lloyd, A. C., 
"Evaluated Kinetic Data for High Temperature Reactions", Vol. 
2, Butterworths, London, 1973. 

[2] Graham, R. A., and Johnston, H. S., J. Phys. Chern. 82, 254-
(1978). 

Low Pressure Rate Coefficients 

R:de coefficient data 

ko/s-l Temp.iK Reference Comments 

Absolute Rate Coefficients 
3.7 x 10-18 [N2 0 5 ] 324 Johnston, 1953 [1] (a) 
5.0 X 10-19 [Ai-] 
8.7 X 10-19 [N2 ] 

1.1 X 10-18 [NO] 
6.4 X 10-15 [ArJ 500 Schott and Davidson, 1958 (31 (b) 

Reviews and Evaluations. 

2.2 X 10-5 exp(-9700ff) [N2 0 5 + NO] 300-400 Baulch et aI., 1973 [4] (c) 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 
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Comments 

(a) Static reactor; decomposition of N20 5 in the pres
ence of NO and added inert gases at low pressures 
(0.2-10 Torr). N02 monitored by light absorption. 

Relative efficiency of M, N20 5 : Ar : N2 : NO : CO2 
: SF 6 : He : Ne : Kr : Xe : CC~ = 1 : 0.135 : 0.234 : 
0.30 : 0.396 : 0.32 : 0.124 : 0.09 : 0.159 : 0.147 : 0.551; 
data by Wilson and Johnston (1953) [2] included. 

(b) Shock wave study over range 450-550 K; N02 
monitored by light absorption. 

(c) Review based on data by Mills and Johnston, 
1951 [5], and Johnston and Perrine (1951) [6]. 

Preferred Value 

ko = tl_4 X 10-20 [Nil] S-1 at 298 K. 
ko = 8.8 X 10-6 exp( -97ooIT) [N21 S-1 over range 

300-340 K. 

ko = 2.2 X 10-7 exp( -8690IT) [Ar] S-1 over range 
300-550 K. 

Reliability 

/llog ko = ±0.3 over range 300-340 K. 

Comments on Preferred Values 

Following ref. [4] the given values are chosen and the 
uncertainties estimated. A· better representation of the 
temperature dependence of the measured ko would be ko 
ex: T-3.2 exp(-10729IT) for M=N2 over range 300-340 K 
and ko ex: T-5.3 exp(-10729rr) for M=Ar over range 
300-500 K after separating off the term exp (- f1Ho oIRT). 

High Pressure Rate Coefficients 

Rate coefficient data 

kt70/s- 1 Temp.IK 

Absolute Rate Coefficients 
>1.24 X 1014 exp(-(10317IT) 273-300 
>0.11 298 

Reviews and Evaluations. 
5.7 X 1014 exp(-I0600rr) 273-300 

Comments 

(a) Static reactor, total pressures up to 7 X loa Torr. 
,Given values are for 1 atm from Graham and Johnston, 
1978 [7]. 

(b) Based on data from Mills and Johnston, 1951 [5] 
with extrapolation to ko:>. 

Preferred Value 

kfl) = 0.20 S-1 at 298 K. 
krr. = 5.7 X 1014 exp(-10600ff) S-1 over range 273-

300K. 

Reliability 

/llog kfl) = ± 0.3 over range 273-300 K. 

Reference Comments 

Mills and Johnston, 1951 [5) (a) 

Baluch et a1., 1973 [4) (b) 

Comments on Preferred Values 

Full analysis of fall-off curve required to obtain more' 
accurate extrapolated expression for ko:>. 

Reference:. 

(1) Johnston, H. S., J. Am. Chern. Soc. 75, 1567 (1953). 
[2] Wilson, D. J., and Johnston, H. S., J. Am. Chem. Soc. 75,5763 

(1953). 

[3] Schott, G. L., and Davidson, N., J. Am. Chem. Soc. 80, 1841 
(1958). 

[4] Baulch, D. 1., Drysdale, D. D., Home, D. G., and Lloyd, A. C., 
"Evaluated Kinetic Olfta for High Tp.mpp.ratnre Reactions" Vol. 
2, Butterworths, London, 1973. 

IS) Mills, R. L., and Johnston, H. S., J. Am. Chern. Soc. 73,4782 
(1951). 

[6] Johnston, H. S., and Perrine, R. L., J. Am. Chem. Soc. 73,4782 
(1951). 

[7] Graham, R. A., and Johnston, H. S., J. Phys. Chern. 82,254 
(1978). 
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~HO = -105 kJ mol-1 

Rate coefficient data 

k Icm3 molecule- l S-1 Temp.IK 

Absolute Rate Coefficients 

(6.5 ± 0.8) X 10-17 298 
(4.4 ± 0.6) X 10-17 299 
(3.2 ± 0.5) X 10-17 298 

(9.76 ± 0.54) X 10-14 exp(-(2427 ± 140)fl') 260-343 
(3.42 ± 0.27) X 10-17 303 
(1.34 ± O.Il) X 10-13 exp(-(2466 ± 30)11') 231-298 
(3.49 ± 0.23) X 10-17 298 
(1.57 ± 0.41) X 10-13 exp( -(2509 ± 76)11') 259-362 
(3.78 ± 0.07) x 10-17 297 
3.24 X 10-17 289 

Reviews. and Evaluations. 
5 X 10-17 298 
9.8 X 10-12 exp( -3500IT) 286-302 
1.2 X 10-13 exp( -2450fl') 220-340 
1.2 X 10-13 exp( -245011') 200-300 

Comments 

(a) Static reactor, reactants at ppm concentration 
level. [Oa] monitored by chemiluminescence detector. 

(b) Same system as in reference [lJ. In separate ex
periments using long-path infrared spectrometry, the 
stoichiometric ratio (~N02/ ~Oa) was measured in Oa ex
cess (1.88 ± 0.15) and in N02 excess (1.68 ± 0.15). 

(c) Flash photolysis system. Monitored [Oa] and 
[N02 ] by optical absorption. 

(d) Stop-flow time-of-flight mass spectrometry. [Oa] 
monitored. "A factor" stated in abstract and text is incor
rect; correct value given in table (D. D. Davis, private 
communication). 

(e) Long path static cell. [Oa] and [N02 ] monitored in 
separate experiments by UV absorption spectrometry. 
Stoichiometric ratio (~N02/~03) measured to be 1.89 ± 
0.08. 

(f) Stopped-flow system. [Oa] monitored by molecular 
beam sampling mass spectrometry. 

(g) Large static reactor. [Oa] monitored by optical ab
sorption at 253.7 nm. No details of measurement given. 

(h) Evaluation-outdated by newer data in references 
[4-6]. 

(i) Recommended value derived from a least squares 
fit of the data points in the three recent temperature 
dependent studies, references [4-6], to an Arrhenius ex
pression. 

(j) Accepted the recommendation in Hampson and 
Garvin, 1975 [10]. 

(k) Recommended in Hampson and Garvin, 1978 {l2]. 

Preferred Value 

k = 3.2 X 10-17 cmamolecule-1s-1 at 298 K. 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

Reference Comments 

Stedman and Niki, 1973 [I] (a) 
Wu, Morris and Niki, 1973 [2] (b) 
Ghormley, Ellsworth and Hochanadel, (c) 

1973 [3] 
Davis et aI., 1974 [4] (d) 

Graham and Johnston, 1974 [5] (e) 

Huie and Herron, 1974 [6] (f) 

Becker, Schurath and Seitz, 1974 [7] (g) 

Huie and Herron, 1973 [8] (h) 
Baulch, Drysdale and Horne, 1973 [9] (h) 
Hampson and Garvin, 1975 [10] (i) 
NASA 1977 [II] (j,k) 

k = 1.2 X 10-1a exp(-2450IT) cma molecule-1 s:"" 1 over 
range 230-360 K. 

Reliability 

~ log k = ±0.06 at 298 K. 
~ (EIR) = ±150 K. 

Comments on Preferred Value 

Preferred value derived from a least squares fit of the 
data points in the three recent temperature dependent 
studies, references {4-6], to an Arrhenius expression. 

References 

[1] Stedman, D. H. and Niki, H., J. Phys. Chern. 77,2604 (1973). 
[2] Wu, C. H., Morris, E. D. Jr. and Niki, H., J. Phys. Chem. 77, 

2507 (1973). , 
[3] Ghormley, J. A., Ellsworth, R. L. and Hochanadel, C. J., 1. Phys. 

Chern. 77, 1341 (1973); Erratum 78, 2698 (1974). 
[4] Davis, D. D., Prusazcyk, J., Dwyer, M. and Kim, P., J. Phys. 

Chem. 78, 1775 U~74). 
[5] Graham, R. A. and Johnston, H. S., J. Chern. Phys. 60, 4628 

(1974). 
[6] Huie, R. E. and Herron, J. T., Chern. Phys. Lett. 27,411 (1974). 
[7) Bt:t:kt:c, K. H., St:hUHllh, U. iun.l St:ilz, H., lul. J. Cht:lIl. Kiut:l. 6, 

725 (1974). 
[8] Huie, R. E. and Herron, J. T., data sheet published in R. F. 

Hampson, editor, J. Phys. Chem. Ref. Data 2,267 (1973). 
[9] Baulch, D. L., Drysdale, D. D. and Horne, D. G., "Evaluated 

Kinetic Data for High Temperature Reactions, Vol. 2: Homoge
neous Gas Phase Reactions of the H2-N2-02 System" Butter
worths, London (1973). 

[10] Hampson, R. F. and Garvin, D., Nat. Bur. Stand. (U.S.), Tech. 
Note 866 (1975). 

[II] NASA Reference Publication 1010, R. D. Hudson, editor, Chapter 
1 (1977). 

[12] Hampson, R. F. and Garvin, D., Nat. Bur. Stand. (U.S.), Spec. 
Publ. 513 (1978). 
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Reaction 

NO + h." ~ N(4S) + 0(3P) 
~ N(4S) + 0(1D) 
.~ N(2D) + O(,P) 
~ N(4S) + O(1S) 
~ N(2D) + OeD) 
~ N(2D) + OeS)· 

State 

X (2'7T)J2) 
A(2I) 
B(2'IT) 
C(2'IT) 
D(2'IT) 

Energy levels are from (1]. 

To/cm-1 

0 
44199 
45505 
52372 
53291 

NO + h v ~ products 

Primary photochemical transitions 

627.9 
817.7 
857.8 

1032.1 
1047.6 
1262.1 

Electronic energy levels of NO and transitions 

A(vac)/nm 

226.2 
219.8 
190.9 
187.6 

Calculation of the rate of dissociation of nitric oxide in the stratosphere and mesosphere. 

A threshold Inm 

190.5 
146.3 
139.5 
115.9 
114.2 
94.8 

Transition 

A-X (y) 
B-X (f3) 
C-X (8) 
D-X (E) 

Dissociation of nitric oxide in the atmosphere occurs by absorption from the V" = 0 level of the X 2'IT ground state to the v = 0 and 1 levels of the 
C (2'IT) state in the 8(0-0) and 8(1-0) absorption bands followed by predissociation of these states in competition with emission and quenching. This 
absorption occurs in the same spectral region as the Schumann-Runge absorption bands of O2. A line by line analysis must be made to determine 
the overlap between the solar radiation transmitted through the Schumann-Runge bands and the NO absorption lines. This enables one to calculate 
the effective rate of predissociation of nitric oxide in the atmosphere. Results of such a detailed analysis have been reported by Cieslik and Nicolet, 
1973 [2] and by Frederick and Hudson, 1979 [3]. Because of their detail these results are not repeated here. Instead it is recommended that the 
reader use the values of the dissociation rate given as a function of altitude and solar zenith angle in Table 4 of Frederick and Hudson, 1979 [3]. 

References 

[1] Miescher, E. and Akermann, F., in "Spectroscopic Data Relative to 
Diatomic Molecules" B. Rosen, editor, International Tables of 
Selected Constants (Pergamon Press, 1970), vol. 17, p. 277. 

[2] Cieslik, S. and Nicolet, M., Planet. Space Sci. 21,925 (1973). 
[3] Frederick, J. E. and Hudson, R. D., J. Atmos. Sci. 36,737 (1979). 

Wavelength range/nm 

1~-420 
185-410 
375-420 
390-420 

N02 + h V ~ products 

Primary photochemical transitions 

Absorption cross section data 

Reference 

Johnston and Graham, 1974 [1] 
Bass, Ledford and Laufer, 1976 [2] 
Harker, Ho and Ratto, 1977 [3] 
Davenpon, 1978 [4] 

Comments 

(a) 
(b) 

(c) 
(d) 

J. Phys. Chem. Ref. Doto, Vol. 9. No.2, 1980 
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Quantum yield data 

Measurement Wavelengthlnm Reference Comments 

cf>1 295-445 Jones and Bayes, 1973 [5] (e) 

cf>J 313-416 Gaedtke and Troe, 1975 [6] (f) 

cf>1 375-420 Harker, Ho and Ratto, 1977 [3] (g) 

cf>1 390-420 Davenport, 1978 [4] (h) 

~ 214-252 Uselman and Lee, 1976 [7] (i) 

Comments 

(a) Measured at 294 K with resolution of 1.3 nm. 
Values tabulated at 5 nm intervals; results of same study 
tabulated at 1 nm intervals in Graham, 1975 [8]. 

(b) Measured at 298 K and also at 235 K for 290-410 
nm. Resolution < 0.04 nm. Values tabulated at 0.125 nm 
intervals. Also reports results for N2 0 4 • 

(c) Measured at 296 K at 0.5 nm intervals with resolu
tion of 0.1 nm. 

(d) Measured at 297, 277, 247, 226 uml 204 K. nc;~o-
lution of 0.04 nm at 297 K. Values tabulated at 1 nm 
intervals. 

(e) Relative quantum yields for NO production mea
sured and normalized to literature values at 313 and 366 
nm. 

(0 Quantum yield for disappearance ofN02 measured 
for mixtures containing up to 1000 atm N2 • 

{g) Quantum yield for N02 photodissociation by 
pulsed dye laser measured at 1 nm intervals. Values 
given here are taken from tabulated results provided by . 
the authors. 

(h) Quantum yield for NO production measured rela
tive to NO production from NOel photolysis at six wave-
lengths for T = 300 and 223 K. 

(i) Quantum yield for O(1D) determined in presence of 
neopentane from measured yield of neopentanol. 

Preferred Values 

Absorption cross sections 

A/nm 1()2°o-/cm2 A/nm 1()2°o-/cm2 A/Dm 1()2°o-/cm2 A/nm 1 ()2°o-/cm2 

185 26.0 245 4.3 305 16.6 365 57.8 
190 29.3 250 2.8 310 17.6 370 54.2 
195 24.2 255 1.4 315 22.S 375 53.5 
200 25.0 260 1.9 320 - 25.4 380 59.9 
205 37.5 265 2.0 325 27.9 385 59.4 
210 38.5 270 3.1 330 29.9 390 60.0 
215 40.2 275 4.0 335 34.5 395 58.9 
220 39.6 280 5.5 340 38.8 400 67.6 
225 32.4 285 7.0 345 40.7 405 63.2 
230 24.3 290 8.2 350 41.0 410 57.7 
235 14.8 295 9.7 355 51.3 
240 6.7 300 1l.7 360 45.1 

Quantum yields 

A/nm cf>J A/nm cf>l 

376 0.75 386 0.74 
378 0.74 388 0.76 
380 0.81 390 0.74 
382 0.65 392 0.73 
384 0.66 394 0.83 

Preferred Values for Quantum Yields 

The above table gives values of cf>l at closely spaced 
wavelength values in the neighborhood of the thermody
namic threshold for photodissociation. For shorter wave
lengths (295-365 nm) use the formula: cf>l (A) = 
1.0-0.0008 (X-275). 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

_.-

A/nm q,l A/nm q,) 

396 0.78 406 0.30 
398 0.72 400 0.18 
400 0.65 410 0.14 
402 0.57 415 0.067 
404 0.40 420 0.023 

Comments on Preferred Values 

The preferred absorption cross section values are 
those of Bass, Ledford and Laufer, 1976 [2]. The absorp
tion spectrum is highly structured; for greater detail 
the reader should consult reference [2] where values are 
tabulated every 1I8th nanometer. They agree with 
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the results of reference [4] and agree with results of ref
erence [1] and [3] within a 15 percent range. 

The preferred quantum yield values for 375-420 nm 
are those reported by Harker et aI., 1977 [3]. This is the 
most extensive investigation of quantum yields in this 
wavelength range. The results of Davenport, 1978 [4] 
agree well at the six wavelengths studied. Reference [4] 
gives quantum yield data at 223 K which show that values 
of <P1 at low temperature are reduced for wavelengths 
greulel· LluUl the lhenuudynumic tluc5hold for photodis
sociation but are independent of temperature for shorter 
wavelengths. In agreement with these observations, 
Pitts, Sharp and Chan, 1964 [9] observed an increase of 
cJ>1 with increasing temperature at 405 and 436 nm. The 
preferred values of cJ>1 at shorter wavelengths are the 
v~lues recommended in Jones and Bayes, 1973 [5] which 
are based on their own relative values normalized toliter
ature values at 313 and 366 nm. The observation by Usel
man and Lee, 1976 [7] that cJ>2 = 0.5 ± 0.1, independent 
of wavelength. for thf::: range 214-242 nm indicates that 
process (1) is competitive with process (2) at energies 
above the threshold for process (2). 

A recent discussion of the photochemistry of N02 is 
given in Okabe, 1978 [10]. 
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N03 + h V -.,.. products 

Primary photochemical transitions 

Reaction 

NOa + h V -+ NO + 02(3I,n (1a) 
-+ NO + 02(16. g) (1b) 
-+ NO + 02(1I g+) (Ie) 
-+ NOs + 0 (2) 

13 
107 
170 
206 

A threshold I nm 

9000 
1100 
700 
580 

Absorption cross section data 

Wavelength range/nm Reference Comments 

400-704 
500-670 

Graham and Johnston, 1978 [1] 
Wayne et aI., 1978 [2] 

(a) 
(b) 

Quantum yield data 

Comments 

(a) Measured at 298 K with resolution of 0.83 nm. 
Values tabulated at 1 nm intervals, NOa was produced in 
the N2 Os catalyzed decomposition of 0 3 , These results 
supersede results reported in Johnston and Graham, 
1974 [3]. 

(b) Measured at 298 K with resolution 0.5 to 0.8 nm. 
N03 was produced by addition of NOz to a flow of 0 3 • 

Relative values reported. Preliminary results. 

(c) Measured at 298 and 329 K. Modulation experi
ments were performed with three broad-band fluorescent 
lamps with overlapping spectral distributions. Primary 
quantum yield estimated from product quantum yield, 
lamp emission spectra and N03 absorption spectrum. 
Only values averaged over specified wavelength ranges 
are given: A = 470-610 nm, cJ>1 = 0.23, c!>2 = 0.77; A = 
610-700 nm, cl>l = 0.07, where cPl = cPla + cJ>lb + cl>lC. 

J. Phy"_ Cho ..... R.I. Dfttft, V..,,1. O. N"". 'l, 1080 
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Preferred Values 

Absorption cross sections 

Alnm 1()2°0'/cm2 A/nm 

470 51 580 
475 60 585 

480 64- 590 
485 69 595 
490 88 600 
495 97 605 
500 99 610 
505 no 615 
510 132 620 
515 140 625 
520 145 630 
525 148 635 
530 194 640 
535 2M 645 

540 183 650 
545 181 655 
550 236 660 
555 268 665 
560 307 670 
565 253 675 
570 254 680 
575 274 .685 

Quantum yields 
No recommendation 

Comments on pre/erred values 

BAULCH ET AL. 

1()2°0'/cm2 

The only published quantum yield data are reported in 
Graham and Johnston, 1978 [1]. In this study using three 
broad band light sources, only values of c/Jl and ~ 
averaged over specified wavelength ranges are -given (see 
Comment (c) above). Because of the lack of.good spectral 
resolution in the determination of primary quantum 
yields. no recommendation is given. However calculated 
photodissociation rates are not very sensitive to the spec
tral resolution, and it is therefore recommended that 
modelers use simply the phC?todissociation rates for N03 

in the lower atmosphere calculated in reference [l]:jl = 
0.04 ± 0.02 S-1 andj2 = 0.10 ± 0.02 S-I. 

305 
277 
514 
408 
283 
345 
148 
196 
358 
925 
566 
145 
111 
62 
38 
76 

736 
875 
95 
37 
44 

7 

Note the extremely low value of CPl = 0.07 averaged 
over the strong 610-700 nm absorption region. This 
means that absorption in the strong bands centered at 
662 and 627 nm does not lead to dissociation under the 
experimental condition of one atmosphere total pressure. 

Also these results indicate a substantial contribution of 
channel (2) at wavelengths longer than the threshold 
wavelength (580 nm). Calculations by the authors suggest 
that only 40 percent of this effect can be accounted for by 

internal energy. 
More experimental work on primary quantum yield 

values is needed; in particular, studies with .good spec
tral resolution are needed. Also pressure and tempera
ture effects should be investigated. 

References 

The preferred absorption cross section values come 
from the tabulated. re~ult~ in Graham and Johnston, 
L978 [1] by averaging the values over 5 nm intervals. For 
greater detail see the original reference. These are the 
only published final results. 

[1] Graham, R. A. and Johnslon, H. S., J. Phys. Chern. 82,254(1978). 
[21 Wayne, Ro' P., Mitchell, D. N., Harrison, R. P. and Allen, P. J., 

"Spectroscopy and Kinetics of the NOa Radical." Results pres
ented at 13th Informal Conference on Photochemistry, Clear
water Beach, Florida, January 1978. 

[3] Johnston, H. S. and Graham, R. A., Can. J. Chem.52, 1415 (1974). 

Reaction 

N 20 1- hll.-+ N2 1- O(OP) (1) 

.-+ N2 + O(1D) (2) 

.-+ N + NO (3) 

.-+ N2 + O(1S) (4) 

Wavelength range/nm 

210-328 
173-240 

Measurement Wavelength/nm 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

Primary photochemical transitions 

UH 
351 
475 
565 

Absorption cross section data 

Reference 

Johnston and Selwyn, 1975 U] 
Selwyn, Podolske and Johnston, 1977 [2] 

Quantum yield data 

Reference 

Paraskevopoulos and Cvetanovic, 1969 [3] 
PrplOton ~ntl R~rr, lQ71 [4] I 

A. threshold / nm 

742 
341 
252 
212 

Comments 

(a) 
(b) 

Comments 

(c) 
(d) 
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Comments 

(a) Measured at 298 K. Results shown in two figures. 
Good agreement with previous results (Bates and Hayes, 
1967 [5] in the range 210 to 235 nm. However, no absorp
tion detected for A > 260 nm (0- < 2 X 10-25 cm2

), in 
contrast with results in reference [5]. 

(h) Measured at five temperatures from 194 to 302 K 
with resolution of 0.7 nm. Values tabulated at 1 nm in
tervals. Also, a nine parameter fit expressing 0- as a 
function of A and T is given. 

(c) Photolysis of N2 0 at 298 K in presence of neopen
tane, butene-l and added gases. Yield of O(3P) atoms 
determined from yield of addition products with bu
tene-I. 

(d) Photolysis ofN2 0 containing 1% 15NO at 296 K and 
>.. ",;, 185,214 and 229 nm. Isotopic composition of product 

N2 measured. 

Preferred Values 

Absorption cross sections 

A/nm 102°u/cm2 A/nm 1()2°u/cm2 

175 12.6 210 0.755 
180 14.6 215 0.276 
185 14.3 220 0.092' 
190 11.1 225 0.030 
195 7.57 230 0.009 
200 4.09 235 0.003 
20S 1.9S 240 0.001 

fnO-(A ,7) =Al + A2A + AaA2 + A4A3 + AsA4 

+ (T-300) exp(BJ + B2A + BaA2 + B4A3) 

where' 

Al = 68.21023 8 1 = 123.4014 

A2 = -4.071805 B2 = -2.116255 
Aa = 4.301146 X 10-2 Ba = 1.111572 X 10-2 

A4 = -1.777846 X 10-4 B4 = 1.881058 X 10-s 

As = 2.520672 X 10-7 

Quantum yields 

cf>2 = 1.0 for A = 185-230 nm. 

Comments on preferred values 

The preferred absorption cross section values are from 
Selwyn, Podolske and Johnston, 1977 {2]. The tabulated 
values are room temperature values. For values tabu
lated at 1 nm intervals and five temperatures from 194 to 
302 K, consult the original reference. The nine param
eter expression for In U(.\. ,T) is also from reference [2]. It 
fits the 310 reported data with a standard deviation of 
about 4 percent. For a discussion of earlier data see the 
review by Hudson, 1974 [6]. 

The preferred value of the quantum yield (cf>2 equal to 
unity) is based on the results reported in Paraskevopou
los and Cvetanovic, 1969 [3], Preston and Barr, 1971 [4], 
and Greiner, 1967 [7]. 

A recent discussion of the photochemistry of N20 is 
given in Okabe, 1978 [8]. . 
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Primary photochemical transitions 

Reaction 

N2 0l) I hV--l> N02 + NOa (1) 
-+ N2 0 4 + 0(3P) (2) 
-+ N2 0 4 + OeD) (3) 

Wavelength range/nm 

28S-380 
20S-31O 

89 
242 
432 

Absorption cross section data 

Reference 

Jones and WuH, 1973 [1] 
Graham and Johnston, 1978 [2] 

AthreshlJld inm 

1340 

495 
275 

Comments 

(a) 
(b) 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 
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Quantum yield data 

Measurement Wavelength/nm Reference Comments 

<I>(-N2 0:;} = 0.6 280,265 Holmes and Daniels, 1934 [3] (c) 

<I>(-N2 0 5 ) = 0.62 280 Murphy, 1969 [4] (d) 

·Comments 

(a) Spectrograms taken at 298 K. 
(b) Measured at 298 K with resolution of· 0.83 nm. 

Corrections were made for absorption by 0 3 , HN03 and 
N02. Values tabulated at 5 nm intervals; results of same 
study tabulated at 1 nm intervals in Graham, 1975 [5]. 

(c) Overall quantum yield for disappearance of N2 Os 
measured at 273 K. 

(d) Overall quantum yield for disappearance of N2 Os 
measured at 273 K. Measurements also made in pres
ence of 100-600 torr SF6 , C02t N2 and O2. Overall 
quantum yield observed to decrease with increasinllt 
pressure of added gas. 

Preferred Values 

Absorption cross sections 

A/nm 102°u/cm2 A/nm 102°u/cm2 

205 690 280 10.7 
210 520 285 8.3 
215 330 290 6.3 
220 206 295 4.6 
225 131 300 3.2 
230 93 305 2.2 
235 72 310 1.5 
240 57 320 0.75 
245 45 330 0.40 
250 35 340 0.27 
255 26.3 350 0.18 
260 21.2 360 0.10 
265 17.7 370 0.05 
270 15.2 380 0.01 
275 12.5 

Quantum yields 

No re~ommendation 

Comments on pre/erred values 

The preferred absorption cross section values are 
those reported in Graham and Johnston, 1978 [2] for 
205-310 nm and in Jones and Wulf, 1937 [1] for 320-380 
nm. Although over the wavelength range common to both 

studies, the values reported in reference [2] are higher 
than those reported in reference [1] because the dis
agreement decreases steadily towards the long wave
length end of this common range, no adjustment has been 
made to the values from reference [1] in the statement of 
preferred values at longer wavelengths. 

No recommendation is made for primary quantum 

yields because the primary photodissociation products 
have not been identified, and the only quantum yield data 
reported are for the overall disappearance of N20 S • Pri
mary quantum yield values from these data requires the 
identification of the primary products and knowledge of 
the extent of their reaction with N2 05. Clearly primary . 
quantu~ yield data are needed. 

References 
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HONO + h V -+ products 

Reaction 

HONO + h v -+ HO + NO (1) 
-+H + N02 (2) 
-+HNO + ° (3) 

Wavelength range/nm 

300-400 
200-400 
310-396 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

Pnmary photochemical transitions 

202 
326 
423 

Absorption cross section data 

Reference 

Johnston and Graham, 1974 [1] 
Cox and Derwent, 1976 (2) 
Stockwell and Calvert, 1978 [3] 

591 
367 
283 

Comments 

(a) 
(b) 
(c) 
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Quantum yield data 

Measurement Wavelengthlnm 

4>1 = 0.92 ± 0.16 365 ± 5 

Comments 

(a) HONO prepared from mixtures of NO, N02 and 
H2 0. [HONO] calculated assuming equilibrium condi
tions. Later these same authors found that the actual 
concentration of HONO was much less than the calcu
lated equilibrium concentration, and therefore the values 
reported in reference [I] were much too low. (Graham 
and Johnston, 1977 [4]). Slightly modified values given in 
Graham, 1975 [51-

(b) HONO prepared from reaction of sulphuric acid 
with sodium nitrite. Resolution < 0.1 nm. Correction was 

,made for absorption by N02 • Values are tabulated at 
5 nm intervals from 200-310 nm and at 1 nm intervals 
from 310-400 nm. 

(c) HONO prepared from mixtures of NO, N02 and 
H2 O. It was shown that equilibrium conditions were 
established. Resolution < 1 nm from 325-400 nm. Cor
rections were made from absorption by N02 , N2 0 a and 
N20 4 • Values are tabulated at 1 nm intervals. 

(d) Value estimated by comparison of rates of photon 
absorption by N02 and HONO with their measured rates 
of decomposition in the same photolysis cell. This result 

Preferred Values 

Absorption cross sections 

A/nm 102°u/cm2 A/nm 102°u/cm2 

310 0 355 26.5 
315 0.4 360 7.2 
320 4.0 365 18.2 
325 3.8 370 20.9 
330 8.8 375 3.7 
335 5.7 380 8.2 
340 17.6 385 14.7 
345 11.1 390 1.4 
350 10.0 395 0 

Reference Comments 

Cox and Derwent, 1976[21 (d) 

supersedes earlier estimate by same method in Cox, 1974 
[6] owing to use here of more reliable absorption cross 
section data. 

Quantum yields 

«1>1 = 1.0 throughout this wavelength region. 

Comments on preferred values 

The preferred absorption cross section values are from 
the tabulated results in Stockwell and Calvert, 1978 [3] 
by averaging the values over 5 nm intervals. For greater 
detail see the original reference. These values are pre-
ferred over those reported by Cox and Derwent, 1976 [2] 
because of the u,se of higher resolution cross section data 
in correcting for absorption by N02 • These two studies 
are in reasonably good agreement. For values at shorter 
wavelengths, use values tabulated in Cox and Derwent, 
1976 [2]. 

Based on the results of Cox and Derwent, 1976 [2], the 
preferred value of CPl is set equal to unity throughout this 
wavelength range. It should be emphasized that quantum 
yidd JClta exist [Ul' only uue wi:tvdeugth--deady mOle 
data are needed. 

Reference 

[1] Johnston, H. S. and Graham, R., Can. J. Chem. 52, 1415 (1974). 
[2] Cox, R. A. and Derwent, R. G., J. Photochem. 6,23 (1976). 
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[4] Graham, R. A. and Johnston, H. S., "The Photochemistry of N03 

and the Kinetics of the N2 Os -03 System," LBL-6276, Lawrence 
Berkeley Laboratory, University of California, Berkeley, Califor
nia (1977). 

(5} Graham, R. A., "The Photochemistry of NOa and the Kinetics of 

the N20s·0a System," Ph.D. Thesis, LBL-4147, Lawrence 
Berkeley Laboratory and Department of Chemistry, University of 
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[6] Cox, R. A., J. Photochem. 3, 175 (1974). 

HON02 + hv.~ products 

Reaction 

HON02 + h 11.-,)0 HO + N02 (1) 
,-,)0 HONO + O(3P) (2) 
,-H + NO;, (3) 

-,)0 HONO + OeD)· (4) 

Primary photochemical transitions 

200 
298 
418 
488 

598 
401 
286 
245 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 
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Absorption cross section data 

Wavelength range/nm Reference Comments 

190-370 
185-325 
120-170 

Johnston and Graham, 1973 [I] 
Biaume, 1973 [2] 

(a) 
(b) 
(c) Beddard, Giachardi and Wayne, 1974 [3] 

Quantum yield data 

Measurement Wavelength/nm 

f/>l = 1.0 200-315 

Comments 

(a) Continuous absorption spectrum. Values are tabu
lated at 5 nm intervals from 190-325 nm. Also, it is 
reported that u < < 10-22 cm2 from 330-370 nm. 

(h) Measuremerits made and values tabulated for dis
crete emission lines of selected lamps. Photo dissociation 
rate for HNOa in the stratosphere calculated assuming 
cPl = 1.0. 

(c) Results given in figure of molar decadic extinction 
coefficient as a function of wavelength. 

(d) Photolysis of HNOa in presence of excess CO and 
excess O2 to prevent complications due to secondary 
reactions. Results are interpreted by a complex reaction 
scheme. 

Preferred Values 

Absorption cross sections 

A/nm 102Ou /cm2 A/nm 102°u /cm2 

190 1320 260 1.90 
195 910 265 1.80 
200 550 270 1.63 
205 255 275 1.40 
210 97 280 1.14 
215 32.8 285 0.88 
220 14.4 290 0.63 
225 8.51 295 0.43 
230 5.63 300 0.28 
235 3.74 305 0.17 
240 2.60 310 0.09 
245· 2.10 315 0.05 
250 1.95 320 0.02 
255 1.94 325 0.00 

Reference Comments 

Johnston, Chang and Whitten, 1974 [4] (d) 

Quantum yields 

CPt = 1.0 throughuut tills wavelength region. 

Comments on preferred values 

The preferred absorption cross section values are 
those of Johnston and Graham, 1973 U]. The results of 
Biaume, 1973, [2] agree. For discussion of earlier results 
~ef' Tf'vif'W hy Ok;:!he? 1973 U11-

The preferred value of the quantum yield (cPI equal to 
unity) is based on the results of Johnston et al~, 1974 [4]. 
Earlier results of Berces and Forgeteg, 1970 [6] are dis
cussed in review by Okabe, 1973 [5]. 

References 
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HO~02 + hv.~ products 

Reaction 

H02 N02 + h 11-+ H02 + N02 (1) 
.-+ HO + NOa (2) 

Primary photochemical transitions 

89 
164 

Note: !1Hc298 values are given since the heat of formation of H02 N02 at 0 K is not known. 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

A'h .... hold/nm 

1340 
730 
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Absorption cross section data 

Wavelength range/nm Reference Comments 

190-330 
195-265 

Graham, Winer and Pitts, 1978 [1] 
Cox and Patrick, 1979 [2] 

O(a) 
(b) 

Comments 

(a) Measured at 296 K. H02N02 prepared from N02 
and H20 2. Corrections were made for absorption by 
H20 2, HN03 and N02. 

(b) Measured at 283 K. H02N02 prepared by photol
ysis of Cl2 in excess H2 with N02 present in a mixture of 
N2 and O2 at 1 atmosphere pressure. Correction was 
made for absorption by 0 3 , assuming that all the absorp
tion at 265 nm was due to 03' 

Absorption cross sections 

X/nm 102°u/cm2 

[I] 

190 1610 
195 960 
200 640 
205 430 
210 290 
215 200 
220 154 
225 123 
230 99 
235 82 
240 68 
245 58 
250 51 
255 45 
260 40 
265 35 

Quantum yield data 

No data. 

[21 

404 
434 
420 
378 
298 
220 
163 
120 
93 
76 
65 
54 
44 
30 

<10 

X/nm 

270 
275 
280 
285 
290 
295 
300 
305 
310 
315 
320 
325 
330 

102°u/cm2 

[1] 

28 
23 
18 
14 
10.9 
8.4 
6.2 
5.0 
4.2 
3.6 
3.0 
2.6 
2.0 

Preferred Values 

Absorption cross sections 
No recommendation-see comments. 

Quantum yields 

No recommendation can be made for the values of CPt 
and cP2. since there are no data to provide a hasis for 8 

recommendation. 

Comments on preferred values 

No recommendation is made for absorption cross sec
tion values. The wavelength region of importance for 
photodissociation in the atmosphere is for A > 290 nm. 
While the two sets of data are in reasonable agreement 
from 205 to 255 nm, the fall off in values reported in [2] 
from 255 to 265 nm suggests negligible absorption 
beyond 270 nm in contrast to the data reported in [1]. 

This fall off could possibly be accounted for by an over
compensation for absorption by ozone. Alternatively the 
absorption at long wavelengths reported in [1] could 
possibly be accounted for by the presence of an absorb
ing impurity. Additional studies in the important atmo
spheric photodissociation region (A. > 290 nm) are needed 
to resolve the apparent discrepancy between the re
ported results. 

Clearly, data are needed on the identification of pri
mary products and quantum yields. 
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4.4. Readions of CH4 

0(1D) + CH4'~ HO + CH3 (1 ) 

.~ 0(3P) + CH4 (2) 

.~ H20 + CH2 (3) 

.~ CH20 + H2 (4) 

.~CH30H (5) 
AHa (1) = -179 kJ mol-1 

AHa (2) = -189 kJ mol-1 

flHo (3) = -220 kJmol-1 

dHo (4) = -472'kJ mol-1 

AHa (5) = -564 kJ mol-1 

Rate coefficient data (k = kl + k2 + k3 + k4 + kli ) 

Temp./K 
~------- ----------+----------

Absolute Rate Coefficients 

(3.1 + 0.3) X 10-10 

(1.3 ± 0.2) X 10-10 

(1.4 + 0.4) X 10-10 

Branching Ratios 

k2 = 0 

~ = 0.28; ~ = 0.05; 
k k 

~ == 0~37; t == 0.30 

~==0.088 
k 

~ == (0.90 ± 0.02); ~k4 = (0.10 ± 0.02) 
k . 

Reviews and Evaluations 
4.0 x 10-10 

4.0 X 10-10 

1.4 X 10-10 

1.3 X 1O-!0 

Comments 

300 
298 
200-350 

298 

87 

235 

300 

298 
298 
198-357 
200-300 

(a) Flash photolysis of 0 3 in Hartley Band; O(1D) moni
tored by time-resolved ahgorption of atomic Tp.~onance 
radiation at 115.2 nm. 

(b) Pulsed laser photolysis of 0 3 at 266 nm; O(1D) 
monitored by time-resolved emission from the transition 
OeD).~ 0(3P) at 630 nm. . 

(c) 0(3P) production measured using 0 + NO chemi
luminescence in photolysis of O2 at 147 nm. Conclude 
O(lD) + CH-1 interaction i~ entiTely hy Teactive channels. 

(d) 254 nm photolysis of 0 3 + CH4 in liquid Ar. 0 3 by 
product analysis. Initial insertion product, CH30H*, 
partially stabilized at 87 K. k3 assumed to be zero. 

(e) Photolysis of N2 0 + CH4 at 184.9 nm. Product 
analysis by gas chromatography. 
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Reference 

Heidner and Husain, 1973 U1 
Davidson et al., 1976 [2] 
Davidson et al., 1977 [3] 

Young, Black and Slanger, 1968 [4] 

DeMore and Raper, 1967 [5] 

Lin and DeMore, 197316] 

Jayanty, Simonaitis and HeickIen. 197617] 

Hampson and Garvin, 1975 18) 
Cvetanovic, 1974 19] 
Hampson and Garvin, 1978 [10] 
NASA, 1977 [II] 

Comments 

(a) 

(b) 
(b) 

(c) 

(d) 

(e) 

(fJ 

(g) 
(h) 
(i) 
0) 

(f) Photolysis ofN2 0 + CH4 + O2 mixtures at 216 nm. 
Measured N2 and H2 products. Channels other than (1) 
and (4) are negligible. 

(8) Accepts the recommendation from [9]; hranching 

ratio k41k = 0.08 from {6]. 
(h) Careful revjew of all relative rate data up to 1974. 
(i) Preferred value is based on O(1D).~ 0(3P) emis

sion studies from [2] and [3]. Branching ratio kik = 0.09. 
0) Accepts [2] and [3] branching ratio k41k = 0.1. 

Preferred Values 

k = 2.4 X 10-~o cm3molecule-1 s-1 over range 200-300 
K. 

kllk = 0.9, k41k =0.1 over range 200-300 K. 
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Reliability 

lllog k = ±0.3 at 298 K. 
A (EIR) = ±100 K. 

Comments on Preferred Values 

The origin of the discrepancy between the direct meas
urements using absorption and emission techniques is 
uncertain at this time. Disagreement centers around the 
correct value for the correction factor'Y to modify Beers 
Law for OeD) absorption in the resonance line. The main 
complicating feature of the emission studies is the oc
currence of secondary chemiluminescence emission 
from the products of O(1D)-subs.trate interactions, al
though steps were taken to minimize this interference in 
the rate measurements. Measurements of the branching 
ratios at temperatures above 200 K agree, and they show 
that channels (1) and (4) are the only important routes 
over the temperature range of interest for the atmos
phen=. The reculIlUJeuded value~ oue La5ed un the Iuean 
value of klk(O(lD) + CO2 ) from [1], [3] and [9], ie., 1.81 
and the absolute value for O(1D) reaction with CO2 taken 
as the simple average of the values reported· in [12] and 
[3], 1.35 X 10-10 cm3 molecule-1 s-1 • 90 percent of the 
reaction proceeds by channel (1) and 10 percent via chan
nel (4). The temperature independence found in [3] is 
accepted. An alternative expression for the preferred 
values over the range 200-300 K is 

tlHO = -60.4 kJ mol-1 

For further discussion of current position on OeD) rate 
constants see introduction. 
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Rate coefficient data 

klcm3 molecule-1 S-I Temp./K Reference Comments 

Absolute Rate Coefficients 
8.1 x 10-11 exp(-2520IT) 298-423 Horne and Norrish, 1967 [I] (a) 
1.7 X 10-14 298 
1.08 X 10-14 300 Wilson and Westenberg, 1967 [2] (b) 
5.5 X 10-12 exp(-I900ff) 300-500 Greiner, 1970 [3] (c) 
8.8 X 10-1& 300 
(3.83 ± 0.20) X 10- 12 exp«-l840 ± 20)f1') 290-440 Margitan, Kaufman and Anderson, 1974 [4] (d) 
7.9 x 10-1:· 296 
(2.36 ± 0.21) X 10-12 exp«-1710 ± 88)ff) 240-373 Davis, Fischer and Schiff, 1974 {51 (e) 
7.43 X 10-15 298 
(9.5 ± 1.4) X 10-1(; 296 Howard and Evenson, 1976 [6] (1) 
5.75 x 1O-~1 T!lm' cxp (-101OIT) 300-900 Zellner and Steinert, 1976 [7] (g) 
(8.8 ± 0.7) X 10-15 300 
(6.51 ± 0.26) X 10-15 300 Overend and Paraskevopoulos, 1975 [8] (h) 
2.6 X 10-14 381 Gordon and Mulac, 1975 [9] (i) 
5.5 X 10-14 416 

Relative Rate Coefficients 
(7.3 ± 0.9) X 10-15 296 Cox, Derwent and Holt, 1976 [10] (j) 

Reviews and Evaluations 
4.7 X 10-11 exp(-2500/T) 300-2000 Wilson, 1972 [II] (k) 
1.2 X 10-10 exp(-2970/T) 300-1850 Schofield, 1967 (l2] (k) 
2.36 X 10-12 exp(-17101T) 240-373 Hampson and Garvin, 1978 [13] 0) 
2.35 X 10-12 exp( -1710ff) 200-300 NASA, 1977 [14] 0) 
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Comments 

(a) Flash photolysis of H2 0 to produce HO which was 
followed by time-resolved absorption spectroscopy. 

(b) Discharge flow; HO produced by H + N02 reaction 
and monitored by ESR. 

(c) Flash photolysis; HO monitored by resonance ab
sorption, 

(d) Discharge flow:; HO mon'itored by molecular reso
nance fluorescence in the presence of excess CH4 • 

(e) Flash photolysis of CH4-H2 0-He mixtures; HO 
monitored by molecular resonance fluorescence. k invar
iant with pressure up to 200 Torr He. 

(1) Discharge flow; HO measured by laser magnetic 
resonance spectroscopy. 

(g) Flash photolysis of CH4 -H20-He mixtures; HO by 
time-resolved resonance absorption. A study over an ex
tended temperature range. 

(h) A flash photolysis; resonance absorption study. 
(i) Electron Pulse radiolysis of 1 atm H::::O vapour + 

CH4 ; HO by time-resolved absorption. 
(j) Rate constant relative to HO + H2-7 H20 + H, 

k(HO + H2) = 7.0 X 10-15 cm3 molecule-1s-1 , Photolysis 
of HONO-CH4 -Air mixtures in a flow system; product 
analysis; klk(HO + H 2) = 1.04 ± 0.13. 

(k) Emphasizes high temperature data. 
(1) Recommend expression from ref. [5]. 

Preferred Values 

k = 8.0 X 10-15 cm3 molecule- 1 S-1 at 298 K. 
k = 2.4 X 10-12 exp(-1710IT) cm3 molecule- 1 s-1 

200-300 K. 

Reliability 

t110g k :::: ±O.l at 298 K. 
a (E/R) = ±200 K. 

Comments on Pre/erred Values 

The earlier room temperature values of Horne and 
Norrish [1] and Wilson and Westenberg [2] are con
sidered too high, the most likely reason being complica
tions due to secondary reactions of HO with reaction 
products. The high·sensitivity of the resonance fluores-

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

cence and laser magnetic resonance techniques allowed 
measurements using very low HO radical densities, vir
tually eliminating the possibility of interference from 
secondary reactions. Generally the agreement among all 
the studies is good. 

k seem!'; to hp. invariant with total pressure. as ex
pected for a simple H-atom abstraction process. The 
wide range of temperature for which data is available 
today demonstrates the non-Arrhenius temperature de
pendence of this reaction. The activation energy in
creases markedly with temperature, which is expected in 
any realistic theoretical description of these processes. 
The only study using temperatures below 296 K is that of 
Davis et al. [5], and we have given their Arrhenius ex
pression as the preferred value for the temperature range 
210-300 K with larger error limits than given in [5]. The 
expression by Zellner and Steinert [7] based on measure
ments above room temperature yields essentially iden
tical values to the expression from [5] at 210 and 240 K 
amI giV~b i:1 value equal to the mean of thc data from refs 

[3]- [8] at 298 K. This expression is recommended for k 
at temperatures above 300 K. 
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HO + CO~ H + CO 2 

l:!.HO = -104.0 kJ mol- i 

Rate coefficient data 

Absolute Rate Coefficients 

2.1 x 10-13 exp{-115/T) 
1.43 X 10-13 

1.35 X 10-13 

(1.66 ± 0.50) X 10-;:3 

1.33 X 10- 13 

2.17 X 10- 13 

1.45 X 10- 13 

(2.15 ± 0.19) x 10-13 exp« -80 ± 40)1T) 
1.58 X .10- 13 

(1.56 ± 0.2) x 10- 13 

1.25 X 10- 13 

(1.51 ± 0.08) x 10- 13 

(1.54 ± 0.16) x 10- 13 

1.66 X 10- 13 (50 Torr He) 
3.16 X 10- 13 (350 Torr SF6 ) 

(1.53 ± 0.15) x 10- 13 (25 Torr SF6 ) 

(3.43 ± 0.35) X 10-13 (703 Torr SFe) 
(1.51 ± 0.16) X 10- 13 (25 Torr N2 ) 

(2.83 ± 0.28) X 1O- la (750 Torr 1\12) 

Relative Rate Coefficients 

1.11 X 10- 12 exp(-5301T) 
1.87 X 10-13 

7 X 10-12 exp(-831/T) 
(3.45 ± 0.22) X 10-13 

(2.7 ± 0.2) X 1O- i3 

1.38 X 10- 13 (100 Torr Air) 
3.0 x 10- 13 (700 Torr Air) 
(2.69 ± 0.40) x 10-13 (2:': 300 Torr N2 ) 

RC'I'icwc and EvaluatiQne. 

1.05 X 10-16 p.3 exp(385IT) 
1.4 X ]0-13 

5.1 X 10- 13 exp ( - 300fT) 
1,1. >< 10-1.3 

3.0 X 10-13 

Comments 

Temp.fK 

300-500 
300 
300 
300 
298 
915 
298 
220-373 
298 
296 
298 
298 
299 
296 

299 

300 

473-623 
298 
217-298 
298 
296 
300 

305 

250-2000 
200-300 
300-2000 
200·4-00 
200-400 

(a) Experiments conducted at low pressures where no 
pre.5.5ure dependence of k wa~ obl5Clved. 

(b) Flash-photolysis; resonance absorption detection 
of HO; 100 Torr He. 

(c) Flash-photolysis; resonance fluorescence detec
tion of HO. 

(d) Discharge flow system with m().8S spectrometric 
detection of stable products. 

(e) Discharge flow; ESR detection of HO; 1-3 Torr 
He. 

(f) Up to 250 Torr He; slight positive temperature 
dependence in range 210-460 K. 

(g) Discharge flow system; laser magnetic resonance 
detection of H O. 

(h) HO produced by pulsed-radiolysis of 10 Torr H2 0 
in 10 Torr CO and 710 Torr Ar. HO measured by time
resolved absorption at 308 nm. 

Reference 

Greiner, 1969 [1] 

Stuhl and Niki, 1972 [2] 
Mulcahy and Smith. 1971 [31 
Westenberg and de Haas, 1973 [4] 

Smith and Zellner, 1973 [5J 
Davis, Fischer and Schiff, 1974 [6J 

Howard and Evenson, 1974 [7] 
Trainor and Von Rosenburg, 1974 [81 
Gordon and Mulac, 1975 [9] 
Atkinson, Perry and Pitts, 1976 [10} 
Overend and Paraskevopoulos, 1977 [11] 

Perry, Atkinson and Pitts, 1977 [12] 

Biermann, Zetzsch and Stohl, 1978 [13 J 

Ung and Back, 1964 [14] 

Sie, Simonailis and Heicklen, 1976 [15] 

Cox, Derwent and Holt, 1976 [16] 
Chan et a1., 1977 [17] 

Butler, Solomon and Snelson, 1978 [I8] 

Baulch et aI., 1976 [l9J 
NASA, 1977 [20J 
Wilson, 1972 [21] 
Hampson and Carvin, 1975 (23] 

Hampson and Garvin, 1978 [22J 

Comments 

(a,c) 
(a,d) 
(a,e) 

(a,b,f,) 
(a,c) 

(a,g) 
(a,b) 
(h) 
(c,i) 
(b,j) 

(c,j) 

(b,k) 

(m) 

(n) 

(0) 

(p) 

(q) 

(r) 

(i) No dependence on Ar pressure in the range 
25-650 Torr. 

G) Large pressure effect with SF 6; little or no pres
sure effect with Ar or He. 

(k) The prc~~ure effect was demonl5trated to depend 

on the amount of O2 present in the diluent gas. 
(1) Vacuum U.V. photolysis of H20 with added CO 

and H2 • Gas chromatographic measurement of COl' 
Unusual pressure effects at low temperature. Total pres
sure 200-300 Torr. Rate constant relative to HO -+ H2~ 
HzO + H; k(HO + Hz) = 3.5 X 10-11 exp(-2540IT) 
cm2 molecule- 1 s-t, this evaluation. klk (HO + Hz) 
(0.032 ± 0.005) exp((2013 ± 150)/T). 

(m) Relative to k(HO + H2)· = 3.5 X 10- 11 exp 
(-2540/T) ('m3 molpC':nlp-l ~-1, thl~ p.vBluation. Photolysis 
of ~20-H2-CO mixtures; N2 and CO2 formation moni
tored by gaE chromatography. k apparently increased 
with total pressure and at 700 Torr l mainly obtained 
klk(HO + H2 ) = 0.20 exp(+ 1700IT). Pressure effect also 
found for SF6 but not He. 
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(n) Relative to HO + H2~ H2 0 + H using k(HO + 
H2 ) = 7.0 X 10-15 cm3 molecule- 1 

S-1; Flow system pho
tolysis of HONO-CO-Air mixture at atmospheric pres
sure. Product analysis. klk (HO + H2 ) = 38.6 ± 2.9 at 
298 K. 

(0) Static photolysis of HONO-CO-iso C4HlO-Air mix
tures with product analysis using long path infra-red 
spectroscopy. Rate constant relative to HO + iC4 HlO~ 
products, k(HO + iC4HlO ) = 2.4 X 10-12 cm3 mole
cule-1 s-l [21.]. lOZ klk(HO + iCqHw) = 12.7 ± 0.7 and 

5.9 ± 0.8 at 700 and 100 Torr, respectively. 
(p) Photolysis of H2 0 2 -CO-iC4H lO -Air mixtures; 

analysis of CO2 product by gas chromatography. Pres
sure range 100-600 Torr mainly N2 + O2; reference 
reaction HO + CO--? CO2 + H at 100 Torr using k(HO 
+ CO) == 1.5 X 10- 13 cm3 molecule-1 S-1. k(HO + CO) 
determined relative to k(HO -l iC4 H lO ) at different pres

sures. 
(q) Same expression as obtained by Baulch and Drys

dale [26]. 
(r) Value recommended for 1 atm pressure air. 

Preferred Values 

For pressures < 100 Torr k = 1.5 X 10-13 cm3 mole
cule- 1 S-1, over range. 200-300 K. 

For pressures of 760 Torr Airk = 2.8 X 10-13 cm3 mole
cule- 1 S-1, 298 K. 

Reliability 

a log k = ±0.05 for low pressure value at 298 K. 
a log k = ±0.1 for 760 Torr Air value at 298 K. 

Comments on Preferred Values 

Much of the earlier work on this reaction including the 
high temperature studies has been reviewed extensively 
by Baulch and co-workers [19]. Due to the marked non
Arrhenius behavior of the temperature dependence, only 
the data from lower temperatures «900 K) has been 
considered to evaluate k for atmospheric conditions. k 
apparently exhibits a pressure effect and preferred 
values for both low and high pressure are given. 

The agreement between the various measurements of 
k, both direct and indirect, at low pressures is remark
ably good and the value of k at 298 K can be considered 
as well-established. The reaction exhibits a small activa
tion pnpre;y in thp nmge 200-400 K (EIR = 100 K), but for 

atmospheric modeling the temperature dependence is 
negligible. The current data strongly indicate a pressure 
dependence on the overall rate of oxidation of CO to CO2 

at pressures above 100 Torr. Thus the direct measure
ments [11,12,13] show that HO decay is pressure de
pendent, and the CO2 quantum yield measurements 
[15,17,18] show that CO2 formation is pressure depend

ent. The work of Cox et al. [16] indicates that the produc
tion of H02, presumed to occur via reaction of the H 
atom with O2, is pressure dependent. 

It has been suggested (25] that the pressure depend
ence arises from an alternative channel for the HO + CO 

J Phyt;. Ch~.". R~f. Data, Vol. 9. No.2, 1980 

reaction, involving a stable BOCO entity which can pro
duce CO2 by reaction with O2 , The recent work of Bier
man [13] provides support for this; when O2 was rigorous
ly excluded from their experimental gas mixtures, k was 
independent of N2 pressure up to 760 Torr. 

Whatever the origin of the effect, it seems that the 
high-pressure values should be applied to the low atmos
phere. If account is taken of the different diluent gases 
and reference reactions used, the agreement between 
the various estimates of the "high pressure" value of k is 

reasonable. Thus for M = SF 6 (627 Torr) the direct study 
using resonance fluorescence detection of HO [12] gave 
a value in close agreement with the value of k = 3.4 X 

10-13 cm3 molecule-1 S-l obtained by Sie et al. [15] from 
their relative rate measurement at 298 K. The relative 
rate data of Cox et al. [16] and Chan et al. [17], both using 
I atm pre55ure of Air but with different reference reac

tions, are in agreement with each other and with the 760 
Torr N 2 + O2 data of Biermann et al. [13]. These form the 
basis of the preferred value for these conditions. No rec
ommendation is given for intermediate pressures but a 
linear dependence on pressure between 100 Torr (low 
pressure value) and 760 Torr (high pressure value) is 
:sugge:sted .a:s the ll1o:st appropliate fUHu uf iuh:al'ulC:1tiuH 

for atmospheric chemistry. The temperature depend
ence in the pressure-dependent region requires investi
gation. 
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HO + HCHO.~ H20.+ HCO (1) 

~ H + HCOOH (2) 

.~.H + CO + H20 (3) 

aRO (1) = -135 kJ mol-1 

aRo (2) = - 91 kJ mol- 1 

J).RO,(3) = - 64.7 kJ mol-1 

Rate coefficient data k = k 1 + k2 ~ ks 

k Icm3 molecule- 1 Eo-I Temp.iK 

Absolute Rate Coefficients 

0.7 X 10-11 300 
(1.4 ± 0.35) X 10-11 300 
1.25 X 10-11 exp« -90 ± 150)/T) 299-426 
(9.4 ± 1.0) X 10-12 299 

Relative Rate Coefficients 
(1.5 ± 0.1) X 10-11 298 
6 x 10-12 268 
(6.5 ± 1.5) X 10-12 298 
9.6 X 10-12 334 

Reviews and Evaluations 
8 x 10-11 300-1600 
1.4 X 10-11 300 
3 x 10-11 exp(-250IT) 200-300 

Comments 

(a) Discharge flow-mass spectrometric detection of 
HCHO decay in excess HO; a lower limit estimate of k. 

(b) Discharge flow-mass spectrometric measure
mentsof HO. HCHO and products. Formation of prod
l!cts from DHCO and D2CO indicated (1) was major reac
tion channel. 

(c) Pulsed vacuum V.V. flash photolysis; HO meas
ured by time resolved resonance fluorescence. 

(d) Photolysis of HONO-HCHO-C2D4 - air mixtures. 
Product analysis by long-path FfIR spectroscopy giving 
klk(HO + C 2 H 4) = 1.8 ± 0.]. The value u!O;edfor the ratp. 
constant for the reference reaction k (HO + C2H4 ) = 
8.3 X 10-12 cm3 molecule- 1s-1 is a mean of recent meas
urements at pressures near 760 Torr. 

(e) Discharge flow-mass spectrometric detection of 
HCHO and stable products. k was determined by com
puter fit to complex mechanism, and is relative to 
k(HO + HO.~ products) = 2.2 X 10-12 cm3 mole
cule~1s-1 at 298 K and EIR = 480 K for the reference 
reaction. This differs from the CODATA evaluation for 
k(HO + HO) which has no temperature dependence. 
However adjustment cannot be made since a simple rela
tionship for klk(HO + HO) is not given. 

Reference Comments 

Herron and Penzhorn, 1969 [1] (a) 
Morris and Niki, 1971 [2] (b) 
Atkinson and Pitts, 1978 [3] (c) 

Niki et al •• 1978 [4] (d) 
Smith, 1978 [5] 

(e) 

Wilson, 1972 [6] 
Hampson and Garvin, 1978 [7] 
NASA, 1977 [8] 

Preferred Values 

k = 1.3 X 10-11 cm3 molecule-1 S-l over range 200-400 
K. 

Reliability 

a log k = ±O.I5 at 298 K. 
a (EIR) = ±200 K. 

Comments on Preferred Values 

The reason for the discrepancy between the twore
sults of Niki and coworkers [2,4] and the flash photolysis 
study [3] are not apparent since in each study HO + 
CHaCHO was also measured (see also Morris, Stedman 
and Niki [9] and all of the values were insignificantly 
different from 1.60 X 10-11 cm3 molecule-1 s- 1 • The pre
ferred overall value of k is a mean of the values from [2], 
[3] and [4], with zero activation energy as indicated in [4]. 

The dominant reaction pathway is widely assumed to 
be (1), and the studies of Morris and Niki [2] who exam
ined the isotopic distribution of the water product from 
OH + D2 CO, supports this contention. However formic 
acid has been observed as a product of formaldehyde 
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photo-oxidation in a number of studies and its origin is 
not easily ascertained (see data sheet on HCO + O2). 

The recent suggestion by Horowitz et al. [10] that a 
substantial proportion of the overall reaction may 
proceed via channel (2), provides a possible explanation 
of the observed HCOOH. More evidence is required, 
however, before a definite value can be recommended 
for the branching ratio. 

References 

[1] Herron, J. T., and Penzhorn, R. D., J. Phys. Chern., 73, 191 
(1969). 

DoHO (1) = -140 kJ mol- l 

t::.H C (2) = + 44 kJ mol- 1 

[2] Morris, E. D., Jr. and Niki, H., J. Chern. Phys., 55,1991 (1971). 
[3] Atkinson, R., and Pitts, J. N., Jr., J. Chern. Phys. 68,3581 (1978). 
[4] Niki, H., l\1aker, P. M.,Savage, C. M., and Breitenbach, L. P., 

J. Phys. Chern., 82, 132 (1978). 
[5] Smith, R. H., Int. J. Chern. Kinet., 10,519 (1978). 
[61 Wilson, W. E., J. Phys. Chern., Ref. Data 1, 535 (l972). 
[7] Hampson, R. F., and Garvin, D., eds., Nat.Bur.Stand.(U.S.) Spe

cial Publication 513 (1978). 
[8] NASA Reference Publication 1010, "Chlorofluoromethanes and 

the Stratosphere", ed. R. Hudson, (1977). 
[9J Morris, E. D., Jr., Stedman, D. H., and Niki, H., J. Am. Chern. 

Soc., 93,3570 (1971). 
[10J Horowitz, A., Su, Fu., Calvert, J. G., Int. J. Chern. Kinet. 10, 

1099 (1978). 

Rate coefficient data (k = k1 + k2 ) 

k Icm 3 molecule- 1 S-l Temp.1K 

Absolute Rate Coefficients 

(7. t!~~4) X l(J~4 exp [(1296 ± 364)/T] 274-338 
(6.5 ± 1.0) x lO-12 298 

Reviews and Evaluations 

6.8 x 10-14 298 

Comments 

(a) Molecular Modulation Spectrometry; CHaOz and 
HOz generated simultaneously by photolysis of Cl2 in the 

presence of CH4 and H2 in 1 atm O2 , and monitored by 
absorption at 250 and 210 nm. Reaction assumed to 
proceed entirely by channel (1). 

(b) Estimate based on application of the geometric 
mean rule for radical cross combination rate constants, 
i.e., kl(k(A+ A)·k(B + B))~ = 2 where A = H02 and 
B = CHi! 02! and using their own cvo.luations of the re

combination rate constants for H02 and CHs O2 , 

Preferred Values 

Ie - 6.5 X 10-12 ern3 molcculc- 16-1 at 298 K. 

Reliability 

6. log k = ±0.3 at 298 K. 

J. Phys. Chern. Ret. Data, Vol. 9. No.2, 1980 

Reference l Comments 

Cox and Tyndall, 1979 [1] (a) 

Demerjian, Kerr and Calvert, 1974 (2) (b) 

Comments on Preferred Values 

Since Channel (2) is slightly endothermic, (1) is ex
pected to be the dominant channel at temperatures in the 
range 200-300 K; this is consistent with the observations 
in [1] but the occurrence of (2) to a significant extent 
could lead to an error in the derived value of k. The error 
from this source is, however, unlikely to exceed the un
certainty limits given with the preferred value, which is 
based on the only direct measurement of this rate con
stant. Note that the value of k exceeds both le(H0 2 + 
HOz) and k(CHs0 2 + CH3 0 2 ) and therefore the geo
metric mean ,rule does not apply in this case. The large 
negative temperature dependence is similar to that ob
served for HOz + HO z -7 HzO z + O2 , but this result 
should be confirmed before a final recommendation can 
be made. 

References 

[1] Cox, R. A. and Tyndall, G. Chern. Phys. Lett. 65, 357 (1979); 
J. Chern. Soc. Faraday Trans. II, to be published. 

[2] Demerjian, K. 1., Kerr, J. A. and Calvert, J. G., Adv. Environ
mental Science and Technol., 4, 1 (1974). 
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HCO + O2 (+M) ~ HC03 (+M) (2) 

tlHO (1) = -145.9kJ mol-1 

aBO (2) = -120 kJ mol-1 

Rate coefficient data (k = k] + k2) 

. klcm3 molecule-1 S-1 Temp.IK 

Absolute Rate Coefficients 

(5.6 ± 0.9) x 10-12 300 
(4.0 ± 0;8) x 10-12 300 

Branching Ratios 
k,,£M]/k, = .5 ± 1 265-296 

<:::9 300 
= 0.4 300 
= 0.052 ± 0.017 298 
= 1.5 298 

Relative Rate Coefficients 

(5.7 ± 1.2) >< "10-12 298 

Heviews and l!;vaiuations 
1.7 X 10-13 298 
5.7 x 10-12 300 
6 X 10-12 300 

Comments 

(a) Flash photolysis of CHaCHO-02 mixtures; HCO 
measured by time-resolved absorption at 613.8nm. Up to 
513 Torr He had no effect on k giving k2 :s 3 X 10-32 cm6 

molecule-2 s-1 , M = He. 
(b) Laser flash photolysis ofHCHO; HCO detected by 

intracavity dye-laser absorption spectroscopy. More de
tails given in [10]. . 

(c) Product analysis in Cl2 photosensitised oxidation of 
HCHO. k21kl based on relative yields of CO and 
HCOOH, the latter assumed to result from the HC03 

radical only. Ratio was apparently independent of tem
perature (265-296 K) and pressure (62-704 Torr, N2 
or He). 

(d) Long path is. study of HCHO photo-oxidation. 
Ratio based on HCOOH yield assuming this to be a 
measure of HCOa• M = Air at 760 Torr. 

(f) Photo-oxidation of HCHO in the presence of low 
[02 ], 8-12 Torr pressure range. Suggest that HCOOH 
arises from addition reactions of HO and H02 with 
HCHO. Their ratio k2[M]lk 1 is based on the assumption 
that <I>(C02 ) is a measure of HCOs formation; 760 torr 
value estimated assuming third order kinetics for k2 up to 
atmospheric pressure. Values given here are for M = 
HCHO + O2 at 10 torr and Air at 760 torr, respectively. 

(g) Discharge flow; HCO measured by photo-ion
isation mass spectrometry. k measured relative to k(O + 
HCO .-7 products) = 2.1 x 10-10 cm3 molecule-1 s-1 

(measured in the same apparatus) by observing the effect 

Reference Comments 

Shibuya et aI., 1977 [1] (a) 
Clark, Moore and Reilly, 1978 [2] (h) 

Osif and Heicklen. 1976 f31 (c) 
Niki et aI., 1977 [4] (d) 
Demerjian, Kerr and Calvert, 1974 [5] (e) 
Horowitz, Fu Su and Calvert, 1978 [6] (f) 

Washida, Martinez and Bayes, 1974 [7] (g) 

Demerjian, Kerr and Calvert, 1974 [5] (h) 
Hampson and Garvin, 1978 [8] (i) 
NASA, 1977 [9] 

of O2 on [HCO] in a flowing mixture of 0 + C2 H4 • 

klk(O + HCO) = (2.74 ± 0.21) x 10-2 • 

(h) Estimate. 
(i) Accepthlg the value from ref. [7]. 

Preferred Values 

Reliability 

a log k = ±0.1 at 298 K. 

Comments on Preferred Values 

The preferred value of k 1 is the mean of the three 
measurements of this rate constant using direct observa

tion of HCO [1], [2], [7]. No recommendation can be 
made for k2 but the result based on CO2 formation in 
HCHO photo-oxidation [6] is probably the most reasona
ble, although the value suggested for 1 atm air is almost 
certainly too high because of high pressure fall-off in k 2 • 

Any conclusions concerning k2 must remain uncertain 
until the problem of the mechanism of HCOOH forma
tion in these systems is fully resolved. There are no data 
for the temperature dependence of kl' which is, how
ever, expected to be small. 

References 

[1] Shibuya, K., Ebata, T., Obi, K., and Tanaka, 1., J. Phys. Chern., 
81,2292 (1977). 
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[2] Clark, J. H., Moore, C. B., and Reilly. J. P .. lnt. J. Chern. Kinet., 
10,427 (1978). 

[3] Osif, T. L., and Heicklen, J., J. Phys. Chern., 80, 1526 (1976). 
[4J Niki, H., Maker, P., Savage, C., and Breitenbach, L., Abstracts 

173rd ACS Meeting, New Orleans La., March 20-25, (1977). 
[5] Demerjian, K., Kerr, J. A.~ and Calvert, J. G., Adv. in Environ. 

Sci. Tech., 4, 1 (1974). 
[6] Horowitz, A., Su, Fu., and Calvert, J. G., lnt. J. Chern. Kinet., 

10, 1099 (1978). 

(7] Washicla, N., Martinez, R. 1., and Bayes, K. D., Z. Naturtorsch. 
29a, 251 (1974). 

[8]· Hampson, R. F., and Garvin, D., eds., Nat. Bur. Standards, Spe
cial Publication 513 (1978). 

[9] NASA Reference Publication 1010, "Chlorofluoromethanes and 
the Stratosphere", ed. R. Hudson (1977). 

[10] Reilly, J. P., Clarke, J. H., Moore, C. B., and Pimentel, G. C., J. 
Chern. Phys. 69, 43tH (lY7~). 

CH 3 + O 2 ---? HO + HCHO 

I1HO = -215 kJ mol- 1 

Rate coefficient data 

klcm3 rnolecule- I S-1 Temp.IK 

Absolute Rate Coefficients 

~ 3.3 X 10-16 298 

Relative Rate Coefficients 

2.9 X 10- 13 exp(-(940 ± 250fT» . 259-339 
1.1 X 10-14 298 

Reviews and ];" 

I 2.1 X 10- 12 exp(-6380/T) 1200-2600 

Comments 

(a) Flash photolysis of azomethane-02-N2; CHa decay 
monitored by absorption at 216 nrn with photographic 
recording; limit of k estimated from the absence of any 
HO absorption near 308 nm during decay of CHao 

(h) C':H3 prool1l:pcl hy 0 + (.2 H4 in cliiOll:hRre;p flow 

system and measured by photo-ionization mass spec
trometry. k measured relative to k(O + CHa) = 1.0 X 

10-10 ems molecule- 1 8- 1 measured in the same appa
ratus; klk(O + CHa) = (IO-2 •M ± 0.35) exp((-Y40 ± 
250)IT). 

(c) Review of high temperature data, mainly from 
shock-tube experiments, up to 1975. Arrhenius plot of 
data for temperature range 1200-2580 K reveals large 
scatter but points from four studies fit a common line 
giving the expression shown. 

Preferred Values 

No recommendation. 

J. Phys. Chern. Ref. Data, Vol. 9. No.2, 1980 

Reference Comments 

Basco, James and James, 1972 [I] (a) 

Washida and Bayes, 1976 [2J (b) 

Walker, 1977 [3] (c) 

Comments on Preferred Values 

The best defined study of this reaction at low tempera
tures is· that of Washida and Bayes [2] which gave k a 
factor of 35 greater than that of Basco et a1. [1]. However 
they point out that the conclusions in ref [1] could be in 
prror if thp HO proclllN~cl WRiOl l:on!Oll1mpcl in !OlE'condary 

reactions, of which the reaction CHa0 2 + HO----7 prod
ucts seemed likely. In view of the difficulty in reconciling 
these results, we are unable to give a preferred value. 

References 

[IJ Basco, N., James, D. C. L., and James, F. c., Int. J. Chern. 
Kinet., 4, 129 (1972). 

[2] Washida, N. and Bayes, K. D., Int. J. Chern. Kinet., 8,777 (1976). 
[3] Walker, R. W., "Rate Constants for Reactions in Gas Phase Hydro

carbon Oxidation", in Gas Kinetics and Energy Transfer, p.325, 
Vo1.2, Specialist Periodical Reports, The Chemical Society, Lon
don (197i). 
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Low Pressure Rate Coefficients 

Rate coefficient data 

ko/cm3 molecule-1 S-I Temp.1K 

Absolute Rate Coefficients 

2;6 X 1O~31 [NJ 298 
3.1 X 10-31 [N2 ] 298 

Relative Rate Coefficients 

6~1 X 10-33 exp(lOOOIT) [N2J 259-339 
l.8x 10-31 [N2 ] 298 

Comments 

(a) Flash photolysis of azomethane-02-N2 mixtures, 
pressure range 30-380 Torr; CRa monitored by UV ab
sorption at 216 nm, Lindemann-Hinshelwood plot for ex
trapolation to ko and keD . 

(b) Molecular modulation spectroscopy. Photolysis of 

azomethane-02-N2 mixtures; pressure range 20-760 
Torr; CRa and CHa0 2 measured by UV absorptions at 
216 and 240 nm, respectively. Lindemann-Hinshelwood 
extrapolation toward ko and keD' 

(c) k(CHa + O2 +M ~ CHa0 2 + M) + k(CHa + 
O2 -----7 HO + HCHO) measured relative to k (0 + 
CHa ~ products); evaluated withk(O + CHa) = 1.0 x 
10-10 cm3 molecule-1 S-1. Extrapolation to low pressure 
limit. 

Reference Comments 

Basco, james and james, 1971 [1] (a) 

Parkes, 1977 [2] (b) 

Washida and Bayes, 1976 [3] (c) 

Preferred Value 

ko = 2.6 X 10-31 [N21 cm3 molecule- 1 s-1 at 298 K. 
ko = 2.6 X 10-31 (TI300t 3 [N2] cm3 molecule- 1 s-1 over 

range 260-340 K. 

Reliability 

A log ko = ±0.3 over range 260-340 K. 

Comments on Preferred Values 

The preferred value is a compromise between the 
three values available. The fall-off extrapolation proce
dures should be improved. 

High Pressure Rate Coefficients 

Rate coefficient data 

k ",1cma molecule-1 S-I Temp.1K 

Absolute Rate Coefficients 
1.8 x 10-12 298 
0.5 x 10-12 298 
1.2 X 10-12 298 
2.2 X 10-12 295 

Relative Rate Coefficients 

1.7 X 10-12 298 

. Comments 

(a) Flash photolysis of (CRa)2Hg in the presence of O2 
in CaHs; pressure range 30-300 Torr of CaHs. CHa 
monitored by UV absorption at 216 nm. RRKM extrapo
lation toward ko;;. 

. (b) See comment (a) for ko; keD value derived probably 
too low because of the use of the Lindemann
Hinshelwood extrapolation. The experiments of ref. [4] 
were closer to koo since the more efficient bath gas CaHs 
was used. 

Reference Comments 

Van den Bergh and Callear, 1971 [4] (a) , 

Basco, james and James, 1971 [1] (b) 

Parkes, 1977 [2] (c) 
Hochanadel et aI., 1977 [5] (d) 

Laufer and Bass, 1975 [6] (e) 

(c) See comment (b) for ko • 
(d) Flash photolysis of azomethane-02-N2 mixtures at 

745 Torr of N2. CHa and CHa O2 measured in absorption. 
12 percent fall-off correction applied using the results of 
ref. [1]. 

(e) Flash photolysis of azomethane-02-N2(He,Ar) 
mixtures. Product analysis by gas chromatography . 
Pressure range 50-700 Torr. RRKM extrapolation to keD. 
Rate measured relative to CHa + CHs~ C2!L,; eval
uated with their own value of k(CH3 + CH3~ C2Hs)= 
9.5 x 10-11 ems moleeule-1 S-1, i.e., 2 x the generally 
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accepted value. Reducing k(CHa + CHa) by a factor of 2 
gives k«> = 0.85 X 10-12 cm3 molecule-1s-1 • 

Preferred Value 

krs:J = 2 X 10-12 cma molecule- 1 8-1 over range 200-400 
K. 

Reliabi!itr 

Lllog kef> = :to.3 over range 200-400 K. 

Comments on Preferred Values 

The value of krs:J appears to be low such that experi
ments at pressures above 1 atm are needed. With the 

aRO = -121.2 kJ mol-1 

preferred values one calculates (N2 ] C = 7.7 X 1018 mole
cule cm-3 • 

References 

[1] Basco, N., James, D. G. L., and James, F. C., Int. J. Chern. 
Kinet. 4, 129 (1972). 

(2] Parkes, D. A., Int. J. Chern. Kinet. 9,451 (1977). 
(3] Washida, N., and Bayes, K. D., Int. J. Chern. Kinet. 8,777 (1976). 
[4] Van den Bergh, H., and Callear, A. B., Trans. Faraday Soc. 67, 

2017 (1971). 
[5] Hochanadel, C. J., Ghormley, J. A., Boyle, J. W., and Ogren, 

P. J., J. Phys. Chern. 81,3(1977). 
[61 Laufer, A. H., and Bass, A. M., Int. J. Chern. Kinet. 7,639 (1975). 

Rate coefficient data 

klcm3 molecule- 1 S-I Temp.IK 

Relative Rate Coefficients 
(2.0 ± 1.3) x 10-15 gn 
2.0 X 10-15 373 
2.5 x 10-17 300 
9 x 10-16 300 
5 x 10-13 exp(-(2000 ± 1400)1T) 396-442 
6 X 10-16 298* 
2.0 x 10-15 300 
5.8 x 10-15 423 
3 x 10-15 410 

Reviews and Evaluations 
1.6 X 10-13 exp(-3300rr) not Slated 
1.6 x 10-13 exp(-3300rr) 200-300 
1.6 x 10-13 exp(-33001T) 

Comments 

(a) Photo-oxidation of acetone; Alcock and Mile [2] 
derived k from these data by analysis of a complex mech
anism. Reference reaction undefined. 

(b) Photolysis of (CHa)2N2-02-2,3 dimethylbutane 
mixtures at 100 °C. Product analysis with computer opti
mation of rate constants in complex mechanism. Refer
ence reaction: CH3 0 + (CHs)sCH .~ CHsOH + 
(CHs)aC; k = 3.2 X 10-1a exp(-2060IT) cmsmole
cule-1 S-1 [9]. 

(c) Photo-oxidation of (CD3)~Nz' Product analysis by 
mass-spectrometry. Also derived similar result from pre
vious work of Shortridge and Heicklen [4]. Reference 
reaction: CHa 0 + CHa O~ CHs OH + HCHO; k = 4 X 
10-11 cm3 molecule-1s-1 [10]; klk'12(CHaO + CHaO) = 
4 X 10-12 cm%molecule I/,S 1/2• 

(d) Photolysis of CH3 ONO in the presence ofNO,N02 
and O2, cP (CHaON02) measured by mass-spectrometry. 
Reference Reaction: CHaO + NO.~ CHaONO; k = 2 x 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

Reference Comments 

Hoare and Whyto('lc, lQll7 [1] (a) 
Alcock and Mile, 1975 [2] (b) 

Weaver et aI., 1975 [3] (c) 
Wiebe et 81., 1975 [5] (d) 
Barker, Benson and Golden, 1977 [6] (e) 

Kirsch and Parkes, 1977 [7] (1) 

Selby and Waddington, 1977 [8] (g) 

Heicklen, 1973 (12] 
NASA, 1977 [131 (h) 
Hampson and (;arvin, lY7H 114J (h) 

10-11 cmsmolecule-1s-1 [11]; klk(CHaO + NO) = 4.7 X 
10-5 • 

(e) Thermal decomposition of dimethylperoxide in the 
presence ofN02 and O2. Measured [N02] and total pres
sure as a function of time. Reference reaction: CHa 0 + 
N02 ~ CHa ON02 ; k = 1.0 X 10-11 cms molecule-1s-1 

based on relative rates of reaction of N02 and NO with 
CHaO [6] and k(CHa 0 + NO) given in [11]; klk (CHa0 + 
N02) = 10-1•a3 :.!:: 1.46 exp( -(2000 :t 1400)/T). 

(1) Photo-oxidation of Azoisobutane. Molecular Modu
lation Spectrometry and product analysis. Reference 
reaction: CHaO + (CH3)3CH~ CH3 0H +,(CH3)aC, 
k(CH3 0 + (CHa)aCH) = 3.2 x 10-la exp (-2060IT) 
cms molecule-1 S-I, [9]. klkref = 6.0 at 300 K and 2.3 ± 1.0 
at 423 K. 

(g) Pyrolysis of ditert-butyl peroxide-02-N2 at 410 K. 
Product analysis by C. C. Reference reaction: CHaO + 
CHa O.~ products, but complex mechanism. 

(h) Accepts evaluation in [12]. 
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Preferred Values 

k = 6 X 10-16 cm3 molecule-1 S-1 at 298 K. 
k = 5 X 10-13 exp(-2000ff) cm3 molecule- 1 s-1 over 

range 300-450 K. 

Reliability 

A log k = ±0.6 at 298 K. 
A (EIR) = ±1000 K. 

Comments on Preferred Values 

The large disparities in the different estimates of kl 
arise from the complexity of the chemical systems used 
to evaluate this rate constant, and also are partly due to 
experimental difficulties in the analysis of complex prod
ucts. The recommended expression is based on the work 
of Barker ct aI. [6] and it gives a reasonable prediction of 
the kl values at 300 K from the photolysis of CHaONO, 
and the higher temperature oxidation studies. The earlier 
work at room temperature [3,4] based on 2CHg 0.-+ prod
ucts as a reference reaction gives a value that is evidently 
much too low, probably due to some problem in interpre
tation of the chemistry. 
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CH30 2 + CH302·~ CH30H + HCHO + O2 (1) 

~ 2CH30 + O2 (2) 

~ CH300CH3 + O2 (3) 

AHO (1) = -323.9 kJ mol- 1 

AHo (2) = + 14.6 kJ mol- 1 

aHo (3) = - 178.9 kJ mol- 1 

Rate coefficient data (k = kl + k"J. + ka) 

klcm3 molecule-1 s-1 Temp.1K 

Absolute Rate Coefficients 
4.4 X 10- 13 300 
(5.5 ± 1.0) x 10-13 300 
(3.8 ± 0.7) x 10- 13 300 
(4.4 ± 1.0) x 10- 13 300 

Branching Ratios 

(h l + ka)lk2 == 2.0 ± 0.4 298 
(h t + k3)/k2 = 1.0 373 
(k t + k3)lk2 = 1.3 298 
kalk = 0.07 

Reviews and Evaluations 
- 10-11 300 
7 x 10-14 300 . 

Comments 

(a) Preliminary upper limit value; Molecular Modula
tion Spectrometry (MMS), CH3 O2 observed in absorption 
at 240 nm. Upper limit value since overall decay constant 
may be a factor of between 1.1 and 1.33 larger than k due 

Reference Comments 

Parkes et al., 1973 [IJ (a) 
Parkes, 1977 [2] (b) 

Hochanadel et aI., 1977 [3] (c) 
Anastasi, Smith and Parkes, 1978 [4] (d) 

Parkes, 1974 [5] (e) 
Alcock and Mile, 1975 [6] (f) 
Weaver et al., 1975 [7] (g) 

Heicklen, 1968 [9] (h) 

Demerjian, Kerr and Calvert, 1974 [10] (i) 

to secondary chemistry in the system, see [2] for discus
sion. klu(240) = 10 x 1()4 cm 8-:- 1 ; u = 4.4 X 10- 18 cm2 at 
240 nm. 

(b) MMS; upper limit k value supersedes that from [1] 
due to systematic error in latter. Rate constants for indi
vidual channels based on branching ratio from [5] and 

J. Phys. Chem. Ref. Data, Vol. 9. No. 2, 1980 
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model chemistry: kl + k3 = (3.0 ± 0.8) x 10-13 and k2 = 
1.6 ± 0.4 x 10-13 cm3 molecule-1 S-I. No temperature 
dependence on k over range 288-298 K; k/u(240) = 10 ± 
2 X 10" emS-I; u = 5.5 X 10-18 cm2 at 240 nm. 

(c) Flash photolysis of azomethane-02; CHa 0 2 by time 
resolved absorption at 248 nm. Overall decay constant 
given, which is an upper limit Jor k due to possible sec
ondary chemistry; k/u(248) = 13 ± 2 x 10" em S-I; u = 
2.9 X 10-18 cm2 at 248 nm. 

(d) Flash photolysis of azomethane-02; CHa0 2 by ab
sorption at 240 nm. Overall decay constant given, which 
is an upper limit for k; klu = (8 ± 2) X 10" ems-I; u = 
5.S X 10-18 cm2 at 240 nm. 

(e) MMS and product analysis in photolysis of azo
methane-02-i C4 HI0 mixtures. 

(f) Product analysis of photolysis of azomethane-02-
dimcthylbutanc mixtures. Computer optimi~ation of rate 

constants in complex system. 
(g) Photo-oxidation of CD3 N2 CD3 with analysis by 

mass spectrometry gave, for CD3 O2 , (k1 + ks)/k2 = 3.55 
and ka1k = 0.18. CHa O2 rate constants from their anal
ysis of results of Shortridge and Heicklen [8]. 

(h) Estimate. 
(i) Estimate ba5ed on liquid pha5e le5ult5. 

Preferred Values 

k = 4.6 X 10-13 cm3 molecule-1 s- 1 at 298 K. 
k21k = 0.33 at 298 K. 

Reliability 

Lllog k =± 0.10 at 298 K. 
Lllog k21k = ±O.IS at 298 K. 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

Comments 

The recent direct determinations of k, refs. [1]-[4] 
supersede all previous estimates which were either too 
high [9] or too low [10]. The preferred value is taken from 
the direct measurements of Parkes [2] because this is the 
only analysis which considers in detail the (small) differ
ence between the overall chemical removal of CH3 O2 

and the actual rate constant k. 
The branching ratio is not so well defined although all 

of the data indicate that more than 50 percent of the 
reaction leads to non-radical products at 298 K. Insuffi
cient data are available for recommendation of a temper
ature dependence either for k or the branching ratio. The 
preferred values at 298 K may also be expressed 
as: kl + ka = 3.1 X 10-13 cm3 molecule- 1 s-1 ; A log 
(kJ +k;s) = ± 0.2. k", = 1.5 X 10-13 cms molcculc-1 s- 1 ; 

A log k2 = ±0.3. 
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CH30 2 + NO.~ CH30 + N02 (1) 

~ CH20 + HONO (2) 

CHS0 2 + NO + M~ CH3 0 2NO + M (3) 

IJ.HO (1) = - 49.8 kJ mol- 1 

AHO (2) = - 285. 7 kJ mol-.1 

AHo (3) = > -80 kJ mol- 1 

Rate 'coefficient data (k = kl + k2 + k3) 

k lems moleeule- 1 S-1 Temp.1K 

Absolute Rate Coefficients 
;> 1 x 10-1 2. 2YH 
(8 ± 2) X 10-12 295 
(6.5 ± 2.0) x 10-12 298 

Branching Ratio€; 

kl/k = 0.80 ± 0.15 298 
kllk = 1 296 

Relative Rate Coefficients 

1.2 X 10-12 298 

Reviews and Evaluations 
fL2 X 10-13 298 
3.3 X 10-12 exp(-SOO/T) 200-300 

Comments 

(a) Flash photolysis of (CHa)2N2-02-NO mixtures. 
CHa O2 followed by time-resolved absorption; lower limit 
value based on absence of observed CHa O2 signal in the 
presence of NO. 

(b) Discharge flow; mass spectrometric detection of 
CH3 0 2 and decay followerl in the pre~ence of excess NO; 

small correction to first order decay due to interfering ion 
at mass 47. CH3 O2 produced by 0 + C2 H4 + O2 , Error 
limits reflect overall experimental error. 

(c) Molecular Modulation Spectrometry; CH3 O2 fol
lowed by absorption at 250 nm in photolysis of 
CI2 -CH4 -02 -NO mixtures. k determined by computer 
simulation of results taking into account the reaction of 
CHs O2 with N02 product from channel (1). Error limits 
reflect overall experimental error. 

(d) Photolysis ofN20-CH4 -02 -NO at 214 nm. <P(N02) 
and <I> (CHsON02 ) measured; supersedes previous work 
from the same group which was apparently erroneous. 

(e) Photolysis of (CH3)2N2-02-NO in 1 atm N2 • N02 
and CH3 0N02 by long path infrared :spectI~o~copy. 

(f) Photolysis of HONO-CH4 -NO-Air mixtures at 1 
atm pressure <!l(NO) by chemiluminescence. kl relative 
tok(CH3 0 2 + CH302~ products) = 4 X 10-13 cmsmole
cule-1 8-1 [9]. Lower limit value. Branching ratio k) Ik ~ 
0.92 also given. 

Reference Comments 

Anastasi, Parkes and Smith, 1978 [lJ (a) 
Plumb et a1., 1979 [2J (b) 

Cox and Tyndall, 1979 I3] (c) 

Simonaitis and Heicklen, 1974 [4J (d) 
Pate, Finlayson and Pitts, 1974 [5J (e) 

Cox et aI., 1976 [6] (f) 

Demerjian, Kerr and Colvert, 1971. [7] 

NASA, 1977 [8] 

Preferred Values 

kl = 7.5 X 10-12 cmS molecule-1 S-l over range 200-
300 K. 

Reliability 

A log kl = ±0.3 at 298 K. 
.1 (E/R) = ±50U K. 

Comments on Preferred Values 

Although pathway (2) is the most exothermic, con
siderable rearrangement of the reactant molecules is re
quired, so that the simple O-atom transfer step (I) or 
association (3) will be more favored kinetically at ambient 
temperatures. The product of.(3), methylperoxynitrite, is 
unknown and is almost certainly unstable: the net for
ward rate of (3) is predicted to be zero, at least at ambient 
temperatures, due to redissociation of CHa0 2NO to 
CH3 O2 + NO. Thus reaction (1) is expected to be the 
dominant path, in agreement with the observations. The 
p1t:ft:lTt:uvalut: .i~ a weightt:d lUt:all of the tw'o recent 

direct measurements of kl which are entirely in accord 
with the lower limits reported previously. As expected, 
the value of kl is similar to the rate constant for the 
analogous reaction of H02 with NO, i.e., 8.4 x 10-12 

cm3 molecule-1 S-l (this evaluation). 
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CH30 2 + N02'~ CHaO + N03 (1 ) 

~ HCHO + HON02 (2) 

~ CH30NO + O2 (3) 

CH30 2 + N02 (+ M) ~ CH30 2N02 (+ M) (4) 

ARO (1) = + 45.1 kJ mol- 1 

ARO (2) = -284.2 kJ mol- l 

ARO (3) = -105.8 kJ mol-1 

ARo (4) = - 80 kJ mol- 1 

Rate coefficient data (k == kl + k2 + k3 + k4 ) 

k lema molecule- l S-1 Temp.IK 

Absolute Rate Coefficients 

(1.6 ± 0.3) X 10-12 (540 Torr N2 ) 276 
(1.2 ± 0.2) X 10-12 (50 Torr Ar + C~) 276 

Relative Rate Coefficients 
3.4 x 10-12 (760 Torr, mainly CH4 ) 298 
3.B X 10-13 (760 Torr Air) 298 

Reviews and Evaluations 
1r .. 11r == 075 ± O_O!; 2QH 

k'J,lk == 0.25 ± 0.10 300 
kl/k < 0.1 

Comments 

(a) Molecular Modulation Spectrometry; CHa O2 de
tected by absorption at 250 nm in photolysis of C12-
C}L-02-N02 mixtures in a flow system. Decay lifetime of 
CHa0 2 measured in the presence of excess N02 • 

(b) Photolysis of N2 0-CH4-02 in presence of NO and 
N02 • <I> (N02 ) and <I> «CHa)2N2) measured. Rate constant 
relative to k (CHa O2 + NO~ products) for which a value 
of 7.5 X 10-12 cm3 molecule-1 s-1 (CODATA value) has 
been ueied here. AI~m found kJlk -- O. 

(c) Photolysis of HONO-CHr N02 -Air mixtures at 1 
atm pressure. N02 apparently did not inhibit the oxida
tion of NO to N O2 via CBa O2 + NO which determines the 
upper limit rate constant given, relative to a value 
of 7.5 x 10-12 cmamolecule-1s-1 for k(CHa0 2 + 
NO ~ products). The technique does not distinguish 
reaction (1) from CHa O2 + NO, and therefore the value 
given is for k2 + ka + k4 • 

J. Phys. Chem. Ref. Data. Vol. 9. No.2, 1980 

Reference Comments 

Cox and Tyndall, 1979 [1] (a) 

Simonnitia and Hcicklcn, 1974 {21 (b) 

Cox et aI., 1976 [3) (c) 

Hampson and Garvin. 1978 [4] 
Heicklen, 1973 [5] 

Preferred Values 

k4 = 1.6 X 10-12 cm3 molecule-1 S-1 over range 200-
300 K in air at 500-760 Torr. 

kl = k2 = ka = O. 

Reliability 

log k4 = ±0.5 at 298 K. 
6. (EIR) = ±500 K. 

Comments on Preferred Values 

The exothermic pathways (2) and (3) require consider
able rearrangement of the reactants and will not there
fore be kinetically favorable at ambient temperatures. 
Similarly the endothermicity of reaction {I) together with 
the observations from ref [2] suggest that this channel is 
unimportant. Reaction (4) has now been identified as a 
major channel, forming methylperoxy-nitrate as product 
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[6]. At room temperature it most likely dissociates via the 
reverse of (4), by analogy with peroxyacetylnitrate [7] and 
peroxynitric acid [8,9]. This interpretation is consistent 
with the observations in [3] and also in [10], since there 
would be no net removal of CHs O2 by reaction with N O2 

in these systems. 
The preferred values are based on the direct measure

ments [I] obtained at 276 K, and assuming that the reac
tion proceeds only via channel (4). The results in [I] 
indicate a slight pressure dependence, but k4 is almost 
certainly pressure dependent at lower pressures. It is 
recommended, however, that the reaction CHS 0 2 + N02 

be neglected in modeling atmospheric chemistry, until 
more information is available on the stability of the 
CHs 02N02 product. 
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HCHO + hv.--?> products 

Reaction 

HCRO + hv.-? H + HCO (1) 

-? H2 + CO (1) 

Wavelength range/nrn 

250-380 
290-360 

303.0-352.5 

Primary photochemical transitions 

358.4 
-9.1 

Absorption cross-section data 

Reference 

McQuigg and Calvert, 1969 [1] 
Calvert et aI., 1972 [2] 
Glasgow, and Bass, 1978 [3] 

Athreshold / nrn 

334 

Comments 

(a) 

(b) 

(c) 

J. Phys. Chern. Ref. Data, Vol. 9. No.2, 1980 



380 BAULCH ET AL. 

Quantum yield data (cf> = cf>l + cf>2) 

Measurement Wavelengthlnm 

cf>=l 250-380 nm 
cf>1/cf>2 = 0 355 
tPlltP2 = 5 280 
cf>l = 0.15 330 
cf>1 = 0.37 (maximum) 314 
cf>1 = 0.1 330 
.pt - 0.76 (mdximum) 304 

tPJ :::; 0.01 333.2 
cf>l = 0.70 299.1 
cf> = 0.68 353.5 
cf> > 0.9 < 338 
cf>t = 0.68 ± 0.1 275.4 
cf>1 = 0.64 ± 0.1 288.2 
cf>1 = 0.68 ± 0.05 303.5 
tP./tP = 0:15 ± 0_10 355 
cf>1/cf> = 0.80 ± 0.05 305 
cf>1 = 0 337 
cf>l = 0.7 317.5 
cf> = 0.75 337 
cf> = 1.0 < 335 
cf> = 1.0 ± 0.2 < 330 
cf> = 0.75 342 
cf> = 0.35 355 
cf>t:::; 0.1 >340 
cf>l = 0.833 303.9 

Evaluation 

Table showing cf>l and cf> as function of wavelength. 
Also u as function of A, 290-360 nm. 

Comments 

(a) At 353 K, low resolution (- 1 nm estimated); molar 
decadic extinction coefficients given in 1 mol- I cm-I. 

(b) Based on measurements from ref [1]; extinction 
coefficients given in 1 mol- 1 cm-I and averaged over 10 
nm intervals. 

(c) Data at 296 and 223 K; u about 30% lower at 223 K 
for A ~ 330 nm; cross sections given in cm2 molecule-I. 

(d) Flash photolysis of HCHO, DCHO and DCDO: 
Product analysis by mass spectr~metry; cf>11cf>2 from H2 , 

HD and D2 distI'ibution in products. 
(e) Laser photolysis of HCHO using selected vibra

tional levels. H atom detected by HNO chemilumines
cence. Some large variations in cf>I at short A, depending 
on level excited. 

(f) Ion-laser photolysis of DCHO using both selected 
vibrational levels and wide band (3.0 nm) irradiation H2 , 

D2 and HD measured by mass-spectrometry. Only rela
tive quantum yields measured. Data have been normal
ized to give cf>I = 0.76 at 304 nm. 

(g) . Laser photolysis of H CH 0 and DC DO with and 
without added NO to scavenge Hand CHO. Analysis of 

J. Phys. Chem. Ref. Dala, Vol. 9. No.2, 1980 

Reference Comments 

McQuigg and Calvert, 1969 [1] (d) 

Lewis, Tang and Lee, 1976 (4) (e) 

Marling, 1977 (5) (f) 

Clarke, Moore and Nogar,. 1978 [6] (g) 

Lewis and Lee, 1978 [7] (h) 

Moortgat et aL, 1972 [2] (i) 

Horowitz and Calvert, 1978 [9] (j) 

Moortgat and Warneck, 1979 [10] (k) 

Hampson and Garvin, 1978 [11) 0) 

H2 , CO and D2 by gas chromatography. Values given are 
those obtained using high [NO], see ref {9]. Absolute 
quantum yields measured. 

(h) Photolysis of HCHO-Butene mixtures at low pres
sures. Product analysis by gas chromatography. Ab
solute quantum yjp.ld~ measured_ 

(i) Photolysis of HCHO (- 30 ppm) in synthetic air at 
1 atm. Also in 1 atm N2 with added CaHs (to scavenge H 
and HCO). <I>(H2 ) and <I>(CO) measured by gas chroma
tography. Relative quantum yields measured. cf>I/cf> de
creased again at A "S 280 nm. 

(j) Photolysis of pure HCHO and HCHO + i = C4 Hs 
mixtures. <I>(H2 ) measured; in pure HCHO gives cf>I + 
CP2; in i-C4 Hs mixture gave cf>2' At A > 330 nm addition of 
CO2 quenched ·cf>2 but cf>I was unaffected. 

(k) Experimental technique as ref [8] but wider range 
of conditions including variation of pressure. cP inde
pendent of pressure for $ 330 nm. Pressure dependence 
of cf>2 at > 330 nm demonstrated and quenching param
eters for Air as diluent determined. Absolute quantum 
yields measured. 

(I) Based on recent data also presented in this survey 
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Preferred Values 

Absorption cross sections and quantum yieldsa for HCHO 
photolysis in air at 760 Torr and 300 K 

'A/nm 1()2°o-/cm2 <P1 <P2 

280 2.4 0.63 0.37 
290 3.2 0.73 0.27 
300 3.3 0.77 0.23 
310 3.1 0.76 0.24 
320 2.4 0.63 0.37 
330 2.4 0.31 0.64 
340 2.0 0 0.67 
350 0.8 0 0.40 
360 0.2 0 0.14 

a Values averaged for 10 nm wavelength range centered on indicated 
wavelength. 

Pressure dependences of quantum yields for HCHO photolysis in air 

CPl' indepeudeul uf JJrl::~~Uj 1::; f./J2, jm.lt::JJeuJt::ul vf 

pressure at A < 330 nm 

cP:z 

~ 'A/nm 
760 500 250 100 

340 0.66 0.75 0.86 0.94 
355 0.26 0.35 0.52 0.73 

Comments on preferred values 

0 

1.0 
1.0 

Although the primary processes in the photolysis of 
HCHO has been the subject 'of study for nearly 40 yrs, 
large disparities have existed regarding both the relative 
importance of cf>1 and cf>2 and the energy requirements of 
process (1). Until very recently the most definitive data 
seemed to be that of McQuigg and Calvert [1] published 
in 1969, and these have been widely used to calculate 
photo-dissociation constants for HCHO in the atmo
sphere. Only the data from 1969 on are reviewed here. 

The results for CPl and cf>2 are plotted on figure 8. It 
should be noted that the published data of Lewis et al. [4] 

have been normalized to CPt = 0.76 at 305 nm as also is 
the data of Marling [5]. The CPl + CP2 and cf>l values of 
Moortgat and Warneck [10], Clarke et al. [6] and Horo
witz and Calvert [9] are, however, totally independent 
measurements. The plot illustrates the good agreement 
between the recent data on formaldehyde photolysis. 

Particularly gratifying is the agreement in detail on the 
threshold wavelength for process (I) the fall-off in CPl + 
~ at longer wavelengths and the absolute values of <PI' 

The preferred values for CPl and CP2 for pressures near 
I atm (760 Torr) and 300 K are taken from the smooth line 
drawn through all the experimental data shown in figure 
8. The absorption cross sections were recalculated from 
the figures given in [I]. 

Two recent studies [9,10] have demonstrated a pres
sure dependence in cP at A. ;;:::= 330 nm, which is shown to 
be an effect on <1>2 only. This must be taken into account 
for calculating J values for H2 production from HCHO in 
the stratosphere. We have given pressure dependencies 
of <P2 at 340 and 355 nm calculated using quenching con
stants C of 0.00068 and 0.00366 Torr- l , respectively, in 
the equation <1>2-1 = 1 + CP where P is pressure in torr. 
The values of C are taken from nO]. 
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FIGURE 8. Wavelength dependence of HCHO photolysis quantum yields. 

CH300H + h V ~ products 

Primary photochemical transitions 

Reaction 

CHaOOH + h jJ --? CRa 0 + RO (1) 
--? CRa + H02 (2) 
--? CHa O2 + H (3) 

184.6 
278.6 
356.3 

AthreShold/nm 

647 
429 
335 

a Calculated assuming fj,Hoo = fj,Ho298 : Cpo data not available for CH9 00H. 
No experimental data are available for either the absorption cross-sections or quantum yields for photodissociation of methyl hydroperoxide. 

Preferred Values 

In the· absence of data on CHa OOH, it is recom
mended that modelers utilize for CHa O2 H the absorption 
cross sections recommended for H2 O 2 , By analogy with 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

other peroxide species, it is probable that <1>1 = 1, <1>2 = 
tP;;s = 0 for all wavelengths ~ 200 nm [1]. 

Reference 

[1) H(u[lv~un, R. F., J. Phys. Chern. Ref. Data 2,290 (1973). 
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4.5. Readions of SOx 

I!l.HO = -44 kJ moi- 1 

Rate coefficient data 

klcm3 molecule- 1 S-1 Temp.JK 

Absolute Rate Coefficients 
(4 ± 2) x 10-12 300 
(4.8 ± 0.4) x 10- 14 300 
(1.4 ± 0.2) x 10-14 295 
(2.9 ± 0.7) x 10- 13 exp(-(750 ± 50)11') 205-300 
(9.8 ± 0.17) x 10-14 300 
3.5 X 10-14 300 
(7.2 :±: 1.1) x 10-12 exp(-(1660 :±: 50)11') 262- 495 

(2.97 ± 0.23) x 10-14 298 

Reviews and Evaluations 
6.3 x 10-13 exp(-920/T) 200-350 
7.2 X 10-12 exp ( -1660/T) 203-493 

Comment!lil 

(a) Discharge flow; [0]o/[H2 S]o in range 0.7-2.0. Rate 
constant based on stoichiometry of 5 obtained from as
sumed mechanism. Experimental stoichiometry in range 
4-7. Wall reactions evident. 

(b) Dischargf; flow; [H2 S], [H], [SO] followed by mass 
spectrometry . Few details given. 

(c) Discharge flow; [0], [H], [SO] followed by e.s.r. 
[0], [H], [SO] profiles generated by numerical integra
tion of rate equations derived from assumed mechanism. 
k varied to give best match with experiment. Good fit for 
[0]0 > [H2 S]o but not for H2 S in excess. [H2 S] excess 
leads to sulfur deposits on walls. 

(d) Discharge flow; e.s.r. detection of [0]. H2 S in ex
cess. Stoichiometry assumed to be 3.5 on basis of as
sumed mechanism and some experimental observations. 

(e) Discharge flow; 0 atoms from discharge in N2 0lAr 
mixtures. Chemiluminescence from excited SO, S02, O2 

observed. Decay of intensity with time when gas flow 
terminated was followed and from it, an assumed stoi
chiometry of 5, rate con~tant calculated. 

(f) Flash photolysis; resonance fluorescence detection 
of O. Large excess of H2 S giving first order decay of [0]. 

(g) Based on the results from [1] and [4]. 
(h) Accepts the work of [6]. 

Preferred Values 

k = 2.7 X 10-14 cm3 molecule-1 S-1 at 298 K. 
k = 7.2 X 10-12 exp(-1660IT)cm3 molecule-1 s-1 over 

range 250-500 K. 

Reliability 

I!l.log k = ±0.1 at 298 K. 
A (EIR) = ±150 K. 

Reference Comments 

Liuti, Dondes and Harteck, 1966 [I] (a) 
Niki and Weinstock, 1967 [2] (b) 
Cupitt and Glass, 1970 [3] (c) 
Hollinden, Kurylo and Timmons, 1970 [41 (d) 

Takahashi, 1970 [5J (e) 
Whytock et al., 1976 [6] (f) 

S('hofiel.-l, 19n [7] (g) 

Hampson and Garvin, 1978 [8J (h) 

Comments on Preferred Values 

Until very recently all measurements of the rate of this 
reaction had been by discharge flow methods [1-5]. 
Under the conditions used in these studies (concen
tration of 0 comparable with that of H2 S) it is necessary 
to know the stoichiometry of the reaction to determine 
the rate constant. In most studies a stoichiometry based 
on the expected reaction mechanism has been used. This 
approximation is the most likely source of the discrepan
cies between the values of k using this technique. The 
preferred value is from a flash photolysis study in which 
care was taken to achieve first order conditions for the 0 
atom decay and independence of k over a range of H2 S 
concentrationfj {6]. 

Measurements of EIR at temperatures close to 298 K 
have yielded values ranging from 750 to 1700. The pre
ferred value is taken from [6]. 

The alternative path for the reaction, 0 + H2 S .-7 

SO + H2 has been shown to be unimportant at 298 K [1]. 
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o + CS,~ CO + 5 

ABO = -355 kJ mol- l 

Rate coefficient data 

klcm3 molecule- 1 S-I Temp.lK 

Absolute Rate Coefficients 
(2.06 ± 0.14) X 10- 11 305 
(2.24 ± 0.36) X 10-11 300 
(2.6 ± 0.4) X 10-10 exp(-(760 ± 140)IT) 156-215 
2.0 X 10-11 298* 

Relative Rate Coefficients 
2.2 X 10-11 298 

Reviews and Evaluations 
3.8 X lO-,n cAp(-970ff) 300-1100 
-10-11 - 10-12 200-900 
2.2 X 10-11 300 

Comments 

(a) Dischalgt: fluw; [CS] by 1Ili:l:!;:'; :!;jJt:clJUIllt:lly. [0]/ 

[CS]o ~ 20. Rate coefficient unaffected by threefold vari
ation of [01/[C5]0' 

(b) Discharge flow; [C5] by absorbance at 257.6 nm, 
[0] by NO afterglow. [C5]/[0] ~ 10. [0] maintained 
constant by presence of O2 which regenerates 0 atoms, 
consuined in the main reaction, by 5 + 02'~ 50 + O. 

(c) Discharge flow; e.s.r. and mass spectrometric de
tection. Rate determined from (i) CO formation in excess 
of CS, (ii) CSdisappearance in excess of O. At low tem
perature presence of O2 produces an interfering chain 
reaction. To avoid this problem, at low temperature, 
a discharge through NO rather than O2 was used as a 
source of 0 atoms. 

(d) Discharge flow; 0 added to CS2 , infrared chemilu
minescence from 0 + CS reaction monitored. N02 

added to compete for 0 atoms. klk(O + N02 ) = 2.3 
found. Rate coefficient quoted in table based on k (0 + 
N02 ) = 9.3 X 10-12 cm3 molecule-1 S-1 (this evaluation). 

(e) Based on [4] and the order of magnitude value of 
=.:!5 X 10-11 cm3 molecule-1 s- l at noo K obtained by 
Homann, Krome and Wagner [5]. 

(f) Based on [4], [5] and unpublished work of Callear 
and Dickson. 

(g) Based on [4]. 

Preferred Values 

k = 2.1 X 10-11 cm3 molecule- l s- l at 298 K. 
k = 2.7 X 10-10 exp(-760IT) cm3 molecule- 1 s- t over 

range 150-300 K. 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

Reference 

Slagle, Graham, Gilbert and Gutman, 1975 [1] 
Bida, Breckenridge and Kolln, 1976 '[2] 
Lilenfeld and Richardson, 1977 [3] 

Hancock and Smith, 1971 [4] 

Kumli<1Licv, 1972 [6] 

Schofield, 1973 [7] 
Baulch et aI., 1976; Hampson and Garvin, 

1978 [8] 

Reliability 

~ lug k -- ±O.l iiL 298 K. 
A (EIR) = ±250 K. 

Comments on preferred values 

Comments 

(a) 
(b) 
(c) 

(d) 

(c) 

(1) 
(g) 

Because of its significance in the CO chemical laser 
this reaction has been the subject of several recent stud
ies [1-4]. The values of k at 298 K fall within a range of 
about 20%. The preferred value is the mean of these 
measurements, all of which seem reliable. The preferred 
value of EIR is taken from {3]. 
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o + OCS ~ SO + CO (1) 

~ CO2 + S (2) 

6.HO (1) = -213 kJ mol- J 

AHo (2) = -224 kJ mol- J 

Rate coefficient data, k = k] 

klcm3 molecule-1 S-1 Temp.IK 

(1) Absolute Rate Coefficients 
_10- 14 298 
(9.0 ± 1.3) X 10-1;' 298' 
2.0 X 10-10 exp(-2950JT) 290-465 
1.5 X 10-14 300 
l.OS X 10-10 cxp(-2770IT) 300 1150 
9.8 X 10-15 300* 
3.2 X lO- lJ exp(-22S0JT) 273-S08 
(1.4 ± 0.1) X 10-14 297 
(1.19 ± 0.06) X 10-14 297 
(1.65 ± 0.13) X 10-11 exp(-(2165 ± 30)/T) 263-502 
(1.2 ± 0.1) X 10-14 298 
(2.0 ± 0.3) X 1O-11 exp(-(2140 ± 4O)/T) 239-404 
(1.35 ± 0.13) X 10-]4 295 

(1.39 ± 0.14) X 10-14 296 
(1.17 ± 0.12) X 10- 14 298 

Relative Rate Coefficients 

1.51 X 10-14 exp(-l100/T) 298-523 

Reviews and Evaluations 
1.1 X 10-14 298 
7.3 X 10-11 exp(-2610/T) unspecified 
6.S X 10-11 exp(-2550JT) 270-1500 
2.6 X 10-11 exp(-2250JT) 190-600 

Comments 

(a) Discharge flow; [0] > rOeS]; SO + 0 emission 
monitored, [CO] determined by mass spectrometry. Au
thors quote unpublished result of Dondes and Safrany to 
the effect that kllk2 > lOS. No CO2 found in products. 

(b) Discharge flow; [CO], [SO] monitored by mass 
spectrometry. 

(c) Discharge flow; excess OCS over 0; [OJ, [SO], 
[S02] followed by e.s.r. spectroscopy. Reaction 2 as
sumed to be unimportant. 

(d) Discharge flow; [0] > [OCS]; [OCS], [SO] fol-
lowed by mass spectrometry. Arrhenius expression is 

based on authors' results in range 764-1123 K and those 
in ref. [3]. Only small amounts of CO2 found in products 
and therefore channel 2 considered unimportant. 

(e) Discharge flow; OCS in large excess; [0], [SO] by 
e.s.r. spectrometry; [CO] bymass spectrometry. No CO2 
detected in products. 

(f) Method similar to that in ref. [4]. No details of 

measurement of kJ given since main aim of the work was 
investigation of reaction of O2 (l~g) with 50(3:£-). 

(g) Flash photolysis of OCS/02 /Ar mixtures; [0] 
monitored by resonance fluorescence .. Rate constant 

Reference Comments 

Rolfes, Reeves and Harteck, 1965 [1] (a) 
Sullivan and Wameck, 1965 121 (b) 

Hoyermann, Wagner and Wolfrum, 1967 [3] (c) 

Homann, Krome and Wagner, 1968 [4] (d) 

Westenberg and de Haas, 1969 [5] (e) 

Breckenridge and Miller, 1972 [6] (f) 
Klemm and Stief, 1974 [7] (g) 

Wei and Timmons, 1975 [8] (h) 

Manning, Braun and Kurylo, 1976 [9] (i) 
Yoshida and Saito, 1978 [10] (j) 

Krezenski, Simonaitis and Heicklen, 1971 [II] (k) 

Heiklen, et aI., 1959 LIZj 0) 
Kondratiev, 1972 [13J (m) 
Schofield, 1972 [14] (n) 
Baulch et al., 1976 [15] (0) 

value independent of wide range of reagent mixtures and 
total pressures of approx. 40-200 Torr. 

(h) Discharge flow; [0] followed by e.s.r. [OCS]/[O] 
varied in range 20-150. 

(i) Flash photolysis of OeS/02Ar/CH3F (or CHzF2 ) 

mixtures; resonance fluorescence detection of [0]. Main 
purpose of study to investigate the effects of enhanced 
vibrational energy of OCS on k. Little effect found. 

G) Flow discharge; [SO) determined by microwave 
spectroscopy -[OCS] » [0]. 

(k) Mercury photosensitized photolysis of N z 0 in 

presence of oes and 2-trifluoromethylpropene. [CO], 
[N2 ], (olefinaldehyde], (olefin oxide] determined by mass 
spectrometry. Rate constant for 0 reaction with the ole
fin taken from [12]. 

(1) Based on data from [1-5]. 
(m) No details given. 
(n) Bascd on [2-5]. Also quotes relative ratc measure

ments of ref. [II] but rejects them because of uncertainty 
in the rate constant of the reference reaction. 

(0) Uses data from [2-8]. Less weight given to data at 
higher temperatures (>600 K). 

J. Phy$, <;;hem, Ref. Para, Yol. "I. No. ~, 1'10Q 
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Preferred Values 

k = 1.4 X 10-14 cm3 molecule-1 S-1 at 298 K. 
k = 2.6 X 10-11 exp(-2250IT) cm3 molecule-1 s- 1 over 

range 220-600 K. 

Reliability 

Alog k = ±0.2 at 298 K. 
A (EIR) = ±ISO K. 

Comments on Preferred Values 

The values obtained for k are in excellent agreement 
over a wide "range of temperatures, and of pressures 
(:::;;200 torr). The studies at higher temperatures (>600 K) 
give values of k which are significantly higher than our 
preferred Arrhenius expression which is based on all the 
results below 600 K. The available evidence suggests that 
channel (2) only becomes significant at temperatures 
above 600 K. Approximate values of k2lk} measured are: 
10-~ at 298 K [16], 10-9 al500 K [4] amI 1 at 1100 K [17]. 
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o + C52 ~ C5 + 50 (1) 

387 

~ co + 52 (2) 

~ OCS + 5 (3) 

aBO (1) = - 89 kJ mol-1 

aBo (2) = -348 kJ mol-1 

aBo (3) = -231 kJ mol-1 

Rate coefficient data k = k} + k2 + k3 

klcm3 molecule- 1 S-1 Temp.1K 

Absolute Rate Coefficients 
(1.0 ± 0.5) X 10-11 exp( -(300 ± 150)1T) 305-410 
4.2 X 10-12 305 
8.3 X 10-12 exp(-950fT) 300-920 
3.5 X 10- 13 300* 
(2.08 :t 0.(8) x 10-12 227 
(3.0 ± 0.3) X 10-12 297 
(7.8 ± 0.3) X 10-12 538 
(3.7 :t 0.3) X 10-12 298 
(4.0 ± 0.3)·X 10-12 302 
(2.8 ± 0.4) X 10-11 exp( -(650 ± 35)1T) 218-293 
(3.1 ± 0.2) X 10- 12 293 
(4.8 ± 0.3) X 10-12 249 
(5.9::l: 0.5) x 1O- 1l

' 273 
(6.8 ± 0.3) x 10-12 295 
(8.5 ± 1.0) x· 10-12 335 
(ILl ± 0.5) X 10- 12 376 
(14.1 ..L 1.0) x 1O-1~ 431 
(18.6 ± 1.3) X 10-12 500 

Branching Ratios 

k31k = (9.8 ± 0.4) X 10-2 249 
(9.8 ± 0.5) X 10-2 273 
(9.6 ± 0.6) X 10-2 295 
(9.4 ± 0.5) X 10-2 335 
(st 7 :t 0.5) X 10-2 :\7ii 
(8.2 ± 0.1) X 10-2 431 
(8.1 ± 0.7) X 10-2 500 

Relative Rate Coefficients 
k3 - 2 X 10-12 1100 

Reviews and Evaluations 
4.2 X 10-12 298 
(6.3 ± 1.5) X 10-11 exp( -(880 ± 80)1T) 200-1100 
3.5 X 10-12 298 
3.5 X .10-12 298 
8.3 X 10-11 exp ( - 960fT) Unspecified 
1.7 X 10-11 exp(-570IT) 200-1000 
3.7 X 10-11 exp(-700IT) 200-1000 

Comments 

(a) Flash photolysis of N02 /CS2 /Ar mixtures. [CS], 
[CS2 ] monitored as a function of time yielding the 
absolute value of k quoted. Value of k relative to (k (0 + 
N02 ) + (k(O + N02 + M» also obtained. In other exper
iments iso-butene 'and but-l-ene added yield klk (0 + 
isobutene) and klk{O +.but-l-ene). In later work Smith 

Reference Comments 

Smith, 1967 II] (a) 

Homann, Krome and Wagner, 1968 [3] (b) 

Westenberg and de Haas, 1969 [4] (c) 

Callear and Hedges, 1970 [51 (d) 
Slagle, Gilbert and Gutman, 1974 [6] (e) 
Wei and Timmons, 1975 [7] (f) 

Graham and Gutman, 1977 [9] (g) 

Graham and Gutman, 1977 [9] (g) 

Homann, Krome and Wagner, 1968 [3] (b) 

Wood and Heicklen, 1971 [10] (h) 

Kondratiev, 1972 [11] (j) 
Morley, Ridley and Smith, 1972 [12] (k) 
Stuart, Dawson and Kimbell, 1972 [13] (1) 
Howgate and Barr, 1978 [14] (m) 
Schofield, 1973 (I5] (n) 
Baulch, Drysdale, Duxbury and Grant, 1976; (0) 

Hampson and Garvin, 1978 [16] 

claims that there is no evidence of oes or S2 in products 
[2]. 

(b) Discharge flow; [0] > [CS2 ], [CS2], [SO] followed 
by mass spectrometry and final products, S02, CO, CO2 

determined. No evidence found for channel (2) but k31k 
estimated to be -0.05 at noo K. Own value of k used to 
obtain ka• 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 
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(c) Discharge flow; [CS2] > [0). [SO] monitored by 
e.s.r. [CS2], [CO] by mass spectrometry. CO found at
tributed to 0 + CS-?> CO + S. Stoichiometry of 2 deter
mined and used in obtaining rate constant. This value of 
the stoichiometry is suspect (see comment f). 

(d) Flash photolysis of CS2 /Hg/N2 0 mixtures. [CS], 
[0] followed by kinetic absorption spectroscopy. No 
evidence of 0 + CS.-?> C.G + S, all 0 atoms react with 
CS2 • 

(e) Crossed molecular beams of 0, CS2 • [S], [S2], 
[OCS], [CS], [SO] monitored by mass spectrometry. 
ka/k = 0.09. k1/k could not be determined because of 
rapid removal of CS by 0 + CS-?> CO + S but the results 
suggest that it is in the range 0.7-0.85. Evidence found 
for channel 2 but subsequent· reactions of S2 prevent 
accurate determination of k2lk; approximate value of 
0.05-0.20 suggested. 

(f) Discharge flow; [CS2]/[0] > 5. Stoichiometry fac
tor of 2 (as measured in [4]) used to obtain rate constant. 
Huwever lith; lSY!!lLem halS recently been mudded [8] am1 

it has been shown that under the conditions used in ref. 
[4] and [7] a steady state is not reached and an effective 
stoichiometry of 1.2-1.5 would have been appropriate. 

(g) Discharge flow; [CS2], [OCS] monitored by mass 
spectrometry. Rate constant determined with 0 in "great 
excess". ka /k deduced from .6.[ OCS]/ .6.CS2 with 0 and 
CS2 at comparable initial concentrations. Arrhenius plot 
for k shows evidence of curvature particularly if the re
sults of [3] at high temperatures are accepted. Authors 
therefore do not derive an Arrhenius expression from 
their results. ks/k shows only slight temperature depend
ence dropping by approx. 150/0 in going from 249 K to 
500 K. 

(h) Evaluation, based on [1,4]. 
G) Evaluation, based on [1,3,4,10]. 
(k) Evaluation, based on [1,3,4]. 
(1) F.val1JRtion, ha~p.rI on [1,3,4] 

(m) Evaluation, based on [3,5]. 
(n) Evaluation, based on [3,5]. 
(0) Evaluation, based on [1,4,7]. Questions accuracy 

of results of lo]. 

Preferred Values 

k == 5.5 X 10-12 cms molecule- 1 S-1 at 298 K. 
k = 5.8 X 10-11 exp (-700/T) cma molecule- 1 8- 1 over 

the range 200-500 K. 

Reliability 

!l. log k = ±0.2 at 298 K. 
~ (ii/f{.) = ± 100 K. 

Comments on Preferred Values 

Reaction (1) is accepted to be the predominant path at 
ambient temperatures [1,6,9,17]. The reaction products 
are formed with a substantial degree of vibration which 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

in some conditions may affect the rate of any sub~equent 
reactions in which they participate. The measurements 
using flow discharge methods agree on the temperature 
coefficient of the reaction over the temperature range 
200-500 K. However the absolute values of k at 298 K 
differ hy approximately a fa~tor of 2. Thj~ i~ prohahly rine 
in some part to the incorrect stoichiometry being used in 
some of the studies [4], [7] but, after correcting for this, 
the resulting rate constants at 298 K are still approxi
mately 50 percent lower than the most recent values [9] 
using different conditions. The flash photolysis results 
tend to favor the lower values. The preferred value at 298 
K is a compromise between the results in [4]; [5], [6], 
[7], [9j. 

Despite evidence that the Arrhenius plot is not linear 
over a wide temperature range [1], the Arrhenius expres
sion recommended is a good approximation for the small 
temperature range which we have considered. 

The only quantitative measurement of the relative im
purli;luce uf the i;l!LerIli;llive n:~acliuu clli;luudlS i;lle liIul:;e uf 

Gutman et al. [6], [9]. Their measurements ofks/k, when 
combined with our preferred values of k, yield ks = 
3.2 X 10-12 exp( -520fT), with ~log k = ±0.3 and 
6.(E/R) = ± 150 K over the range 200-500 K. 

There are no data for k2 , but there is evidence that it 
occurs, possibly with about the same probability as reac
tion (3), [6], [17]. 
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0+ 502 + M~ 503 + M 

389 

/::"HO = -348.0 kJ mol- 1 

Low Pressure Rate Coefficients 

Rate coefficient data 

ko/cm3 molecule-I S-I Temp.1K 

Absolute Rate Coefficients 
9.2 x 10-32 exp(-l000ff) [N2 O] 299-392 
3.2 X 10-33 [N2 O] 298 
1.07 x 10-31 exp(-l400/T) [He1 248-415 
9.8 x 10-34 [He] 298 
2.3 x 10-33 [N2 ] 298 
3.4 x 10-32 exp(-1l30IT) [N2 ] 220-353 
7.7 X }O-34 [Nz] 298 
J.l x 10-32 exp(-1009/T) [Ar] 299-400 
1.05 x 10-33 [Ar] 298 
1.37 x 10-33 [N2 ] 298 
1. 7 x 10-33 (TI200t4 •a [Ar] 1700-2500 

Reviews and Evaluations 

1.1 x 10-31 (Tllooot4 exp(-2646/T) [Ar] 250-2500 
1.9 x 10-33 (Ar] 298 
1.8 x 10-33 [Ar] 2000 

Comments 

(a) Modulation technique with Hg-sensitized decom
position of N2 0, pressure range 54-135 Torr. 

(b) Discharge flow system study with E5R detection of ° atoms. Relative efficiencies of M, N2 : He : 502 = 
1.0:0.42:4.0. Pressure range 0.7-6.7 Torr. 

(c) Flash photolysis-resonance fluorescence tech
nique; relative efficiencies of M, N2 : He : Ar: 502 = 
1.0: 0.45: 0.87: 56. 

(d) Flash photolysis-N02 chemiluminescence tech
nique; relative efficiencies of M, N2 : Ar: 502 = 
1.0:0.71:6.9. 

(e) From thermal dissociation of 503 in shock waves, 
502 detection by UV absorption spectroscopy. 

(f) Evaluativn by u:;e vf theOl-y a5:;uming a barder of 

about 22 kJ mol- 1 for the spin-forbidden reaction O(3P) + 
502 (1 At S03 (1 AI)' 

Preferred Value 

ko = 1.4 X 10-33 [N21 cm3 molecule-1 S-1 at 298 K. 
ko = 4.0 X 10-32 exp(-loo0ITHN2 1 cmS molecule-1s-1 

over range 200-400 K. 
ko = 8.3 X 10-31 (T/1000t3•75 exp(-2650IT) [Ar] cm3 

molecule- l S-1 over range 200-2500 K. 

Reliability 

A log ko = ±0.3 at 300 K. 
= ±O.S over range 200-2500 K. 

A (E/R) = =::: ~ over range 200-400 K. 

Reference Comments 

Atkinson and Pitts, ]974 flJ (a) 

Westenberg and de Haas, 1975 f2] (b) 

Davis, 1976 [3] (c) 

Atkinson and Pius, 1978 [5] (d) 

Astholz, Glanzer and Troe, 1979 [6] (e) 

Troe, 1978 [7] (f) 

Comments on Preferred Values 

This is a spin-forbidden reaction with an energy bar
rier Eo. The rate coefficient should be represented by an 
expression of the type ko <X T-n exp( -EoIRT). The unam
biguous separation of the rate constant into the preexpo
nential and exponential term has not been possible. 

High Pressure Rate Coefficients 

No experimental data. However, near room tempera
ture the transition from third order to second order be
havior should be observed just above 1 atm, since the 
reaction is forbidden, see estimates in ref. [7]. 

References 

[1] Atkinson, R., and Pitts, J. N., Chern. Phys. Lett. 29,28 (1974). 
[2] Westenberg, A. A., and de Haas, N., J. Chern. Phys. 63,5411 

(1975). 
[3] Davis, D. D., Univ. of Maryland Rept. cited in ref. [4]. 
[4] Hampson, R. F., and Garvin, D., eds., Nat. Bur. Stand. (U.S.), 

Spec. Publ. 513 (1978). 
[5] Atkinson, R., and Pitts, J. N., Int. J. Chern. Kinet. 10,1081 (1978}. 
lbJ Astholz, D. C., L;lanzer, K.., and Troe, J., J. Chern. Phys. 70,2409 

(1979). 
[7] Troe, J., Ann. Rev. Phys. Chern. 29,223 (1978). 
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aHO = -114 kJ mol-1 

Rate coefficient data 

klcm3 molcculc- 1 a-I Temp./K 

Absolute Rate Coefficients 
7.8 x 10- 12 300 
2.3 x 10-11 exp(-450IT) 298-885 
(5.5 ± 0.3) X 10-12 298 
(3.1 ± 0.5) x 10- 12 298 
(5.2 ± 0.5) x 10-12 297-424 

Reviews and Evaluations 
4.8 X 10-12 300 

Review~ and E 

1.1 X 10-11 exp(-200IT) 300-500 

Comments 

(a) Discharge flow; HO generated from H + NOz; 
HzO, HzS, S02 analyzed by mass spectrometry. Few 
details available. From the nature of the products, e.g., 
S02 successive oxidation steps of H2 S by HO must take 
place. 

(L) Di~;!_;ha!~t: fluw; no gellel-ated from H I NOz ; [H], 
[HO], [HS] followed by e.s.r. Walls boric acid coated; 
loss of HO to walls negligible. [HzS]/[HO] > 8. Sulphur 
deposits form eventually on walls demonstrating the 
presence of secondary reactions, but under the condi
tions used computer modeling of the system suggests 
that in the measurement zone the overall stoichiometry is 
unity. 

(c) Flash photolysis of He/HzO/HzS mixture. [HO] fol
lowed by resonance fluorescence. 

(d) Flash photolysis of ArIR2 01R1l S mixture. [H 0] fol
lowed by resonance fluorescence. 

(e) Flowing mixtures ofHN02 /NO/NOziair photolysed 
(330-380 nm) to produce HO radicals. [HONO], [NO], 
LN02 J measured by chemiluminescence. Effects of addi
tions of HzS on d[NO]ldt and d[N02 ]ldt could be related 
to rate constant ratio klk (HO + HONO). k:r: determined 
from similar experiments giving its value relative to rate 
constants for reactions of HO with CO, CH4 and H2 [6]. 
Value used for k (HO + HON0}-6.6 x 10-12 cm3 mole
cule- l 

S-1, Uncertainty in klk(HO + HONO) is ± 12%; 
uncertainty in k(HO + HONO) is ±50%; hence uncer
tainty in k must be at least ±50 percent. 

(f) Based on [2], [4]. 

J. Phys. Chern. Ref. Data, Vol. 9. Nc. 2, 1980 

Reference Comment!; 

Niki, Morris and Breitenbach, 1972 [1] (a) 
Westenberg and de Haas, 1973 [2} (b) 

Stuhl, 1974 [3] (c) 
Perry, Atkinson and Pitts, 1976 [4] (d) 

Cox, 1975 [5] (e) 

Baulch et aI., 1976 [6] (f) 

Preferred Values 

k 5.3 X 10-12 cm3 molecule-1 S-1 at 298 K. 
k = 1.1 X 10-11 exp(-225/T) cm3mo~ecule-l S-l over 

the range 250-400 K. 

Reliability 

a log k = ±0.1 at 298 K. 
a (EIR) = ±225 K. 

Comments on Preferred Values 

There is excellent agreement at 298 K between two 
recent measurements of k by different methods [2], [4]. 
The value of Niki et aI. [1] appeaTS to be a preliminary 
value which has not been reported in detail. The remain
ing value [3] is some 40 percent lower although the tech
nique i~ ~illlilal tu thaL ill [4]. The:: J:.'re::fe::rre::tl v wue:: al 298 
K is based on [2], [4]. However the temperature depend
ence of k found in these two studies is significantly differ
ent. The preferred value of EIR is an average of the two. 

References 

[1] Niki, H .• Morris Jr., E. D., and Breitenbach, L. P., 164th National 
American Chemical Society Meeting, New York (1972). 

[2] Westenberg~ A. A., and de Haas, N., J. Chern. Phys., 59,6685 
(1973). 

f3] Stuhl, F., Ber. Bunsenges. Phys. Chern., 78.231 (1974). 
[4] Perry, R. A., Atkinson, R., and Pitts Jr., J. N., J. Chern. Phys., 64, 

3237 (1976). 
[5] Cox, R. A., U.K. Atomic Energy Authority Report - R8132 (1975). 
[6] Baulch, D. L., Drysdale, D. D., Duxbury, J., Grant, S., "Evaluated 

Kinetic Data for High Temperature Reactions", Vol. 3, Butter
worths, London (1976). 
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HO + OC5.~ Products 

391 

Rate coefficient data 

klcm3 molecule- 1 S-1 Temp./K 

Absolute Rate Coefficients 
<7 X 10-15 299 
<2 X 10-14 430 
(5.7 ± 1.2) X 10-14 2% 

Relative Rate Coefficients 
3.9 x 10-13 298 

Comments 

(a) Flash photolysis of flowing gas mixtures· of H 2 01 
OCSIAr; wavelenglhs down to LiF cut-off (105 mn) used; 
[HO] followed by resonance fluorescence. The HO decay 
rates vary in a non-linear manner with oes concentra
tion and depend on the energy of the flash. This is due to 
secondary reactions of OH with photolysis products. 
Because of this, only an upper limit for k is obtained. 

(b) Flash photolysis of flowing gas mixtures. Some 
variation of rate of HO decay with OCS concentration 
and flash energy observed. It is suggested that this is due 
to photolysis of the oes as well as reactions of radicals 
with products. By restricting the photolysis wavelength 
to> 165 nm (suprasil window) both effects are reduced to 
negligible proportion, but decreased in precision. 

(c) Flowing mixtures of HN02INOIN02/air, photo
lysed (330-380 nm) to produce HO radicals. [HONO], 
[NO], [N02] measured by chemiluminescence. Effects 
of addition of H2S on d[NO]ldt and d[N02 ]ldt could be 
related to rate constant ratio klk(HO + HONO). k(HO + 
HONO) determined from similar experiments giving its 
value relative to the rate constants for reactions of He: 
with CO, eH4 and H2. Value used for k(HO + 
HONO~.6 x 10-12 cmS molecule- l S-I. Uncertainty in 
klk (HO + HQNO) is ± 18%; uncertainty in k (HO + 
HONO) is ±50%; hence uncertainty in k must be = ±60 
percent; In private, the author has indicated that the 

Reference Comments 

Atkinson, Perry and Pitts, 1978 [1] (a) 

Kurylo, 1978 [2] (b) 

Cox, 1975 [3] (c) 

value of k may be too high by at least a factor of 10 
because of quantities of H2 S in the oes used. 

Preferred Values 

k :5 6 X 10-14 cm3 molecule- 1 8-1 at 298 K. 

Reliability 

1:1 log k = ~~7. 

Comments on Preferred Values 

The two available values for k [2] [3] differ by more 
than an order of magnitude. Because of the doubtful 
purity of the oes used in the relative rate measurements 
the result from the fast flow measurements is preferred, 
but we suggest that it be treated as an upper limit. The 
reaction products have not been identified but on the 
basis of the thermochemistry it is likely that the first step 
is addition. Further work on this reaction is required. 

References 

[1] Atkinson, R., Perry, R. A. and Pitts Jr., J. N., Chem. Phys.Lett., 
54, 14 (1978). 

[2] Kurylo, M., Chern. Phys. Lett., 58,238 (1978). 
[3] Cox, R. A., U.K. Atomic Energy Authority Report, R.8132 (1975). 

HO + C52 ~ products 

Rate coefficient data. 

klem3moleeule-1 Q-l Temp_IK 

Absolute Rate Coefficients 
<7 X 10-14 300 
<1 x 10-13 425 
(1.9 ± 0.3) X 10-13 296 

Comments 

(a) Flash photolysis of flowing gas mixture of H2 01 
CS2 /Ar; wavelengths down to LiF cut-off (105 nm) used; 
[HO] followed by resonance fluorescence. The HO decay 
rates vary in a non-linear manner with eS2 concentration 

Reference Comments 

Atkinson, Perry and Pitts, 1978 [1] (a) 

Kurylo, 1978 [2] (b) 

and vary with the energy of the flash. Chemiluminel'
cence is also observed. Because of these complications 
only an upper limit for k is obtained. 

(b) Technique similar to [1] (comment (a», photolysis 
wavelength restricted to > 165 nm (suprasil cut-off). No 

J. Phys. Chern. Ref. Data, Vol. 9. No.2, 1980 



392 BAULCJ-I ET AL. 

chemiluminescence observed and good linearity between 
rHO] decay rate and C52 concentration found. 

Preferred Values 

k ::=:; 2 X 10-13 cm3 molecule- 1 S-l at 298 K. 

Reliability 

Ll log k = +~.7 • 

Comments on Preferred Values 

The preferred value is the only value available at pres
ent. The technique appears sound but we suggest that it 
be treated as an upper limit until more work is done on 
this reaction. The reaction products have not been iden
tified; it i:, likely that Lhe finSl lStep in the reaction is one 
of addition. 

References 

[1] Atkinson, R., Perry, R. A. and Pitts Jr., J. N., Chern. Phys. Lett. 
54, 14, 1978. 

[2] Kurylo, M., Chern. Phys. L~tt., 58,238, 1978. 

HO + 502 + M ~ H0502 + M 

fj.Hl.} -223 kJ mol- l 

Low Pressure Rate Coefficients 

Rate coefficient data 

ko/cm3 molecule- 1 S-1 Temp./K 

Absolute Rate Coefficients 

(7.2 ± 2.6) X 10-31 [N2 ] 300 
7.0 x 1O-31{TI300t2•9 rN2 ] 

4.9 x 10-31 [N2 ] ~OO 

2.9 X 10-31 [N2 ] 300 
3.6 X 10-31 [N21 300 

Relative Rate Coefficients. 
1.6 X 10-31 rN2 ] 300 

Reviews and Evaluations 

(3 ± 1.5) X W-31 [N2 ] 300 

Comments 

(a) Discharge flow system study. Relative efficiencies 
of M, N2 : Ar = 1: 0.63. 

(b) Discharge flow system study. 
(c) Mea~urementE> cited ill Ief. [G] fUI M-He, Ai aml 

N2 in the pressure range 5-500 Torr; extrapolated to ko 
and k oo • 

(d) Flash photolysis study; converted from M=Ar with 
an assumed relative efficiency N2 : Ar= 1.8: 1. Pressure 
range 25-650 T orr extrapolated with Lindemann
Hinshelwood plot to ko and k oo • 

(e) Flash photolysis study. 
(f) Steady state photolysis. Measured k / k (OH + CO) 

evaluated with the low pressure value k(OH + CO)=1.5 
x 10- 13cm3 molecu]e-1s- 1. Prf'~~l1rf' range ?o- ]000 Torr; 

J. PhYl>. Chem. Ref. Dara, Vol. 9. No.2, 1980 

Reference Comments 

Harris and Wayne, 1975 [1] (a) 
Erler, Field and Zellner, 1975 [2] (b) 
Davi.<;, 197f1 [4J (c) 
Atkinson, Perry and Pitts, 1976 [6] 
Erler and Zellner, 1978 [7] (e) 

Castleman and Tang, 1976 [8] (0 

Zellner, 1978 [3] 

extrapolation to ko and koo with a nearly linear 
Lindemann-Hinshelwood plot. 

Preferred Value 

ko = 3 X 10-31 (TI300t 2
•9 [N2 ] cm3 molecule- 1 S- I over 

range 200-400 K. 

Reliability 

fllog ko = ± 0.3 over range 200-400 K. 

Comments on Preferred Values 

Preferred value as in the evaluation by Zellner [1978]. 
Results are scattered, new measurements are needed. 
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High Pressure Rate Coefficients 

Rate coefficient data 

k",,/cm3 molecule- 1 S-1 

Absolute Rate Coefficients 

8.3 X 10-13 

9.0 X 10-13 

18 X 10-13 

Relative Rate Coefficients 

II X 10-13 

13 X 10-13 

Reviews and Evaluations 

(1.2 ± 0.4) X 10- 12 

Comments 

(a) See comment (d) of ko. 
(b) See comment (c) of ko. 

Temp./K 

300 
300 
435 

294 
297 

300 

(c) Pulse radiolysis in H2 0 vapour at 1 atm. 
(d) Steady-state photolysis in the presence of 1 atm N2 

+ O2 • Measured klk(OH + CO). Evaluated with the ef
fective value of k(OH + CO)=2.85 x 10-13 at 1 atm. 

(e) See comment (f) of ko, but evaluated with the effec-
tive value of k (OR + CO) = 2.85 X 10-13 at I atm. 

Preferred Value 

koo = 2 X 10-12 cm3 molecule- 1 s- 1 over range 200-400 
K. 

Reliability 

11 log koo = ± 0.4 over range 200-400 K. 

Comments on Preferred Values 

See comment for ko. 

Reference Comments 

Atkinson, Perry and Pitts, 1976 [6] (a) 
Davis, 1976 [4] (b) 
Gordon and Mulac, 1975 [9] (c) 

Cox, 1975 [10] (d) 
Castleman and Tang, 1976 [8] (e) 

Zellner, 1978 [3] 

Intermediate Fall-off Range 

From the preferred values one calculates [N21 c 0:: 4 x 
10H'u1Ult:cult::s cnC3 at 300 K. The broadening factor Fe i!5 

estimated to be 0.7 ± 0.1 at 300 K. 

References 

[1] Harris, G. W. and Wayne, R. P., J. Chern. Soc. Faraday Trans.I, 
71,610 (1975). 

[2]· Erler, K., Field, D. and Zellner, R.cited in ref. [3]. 
[3] Zellner, R., Ber. Bunsenges. Phys. Chern. 82,1172 (1978). 
[4] Davis, D. D., University of Maryland Rept (1976), data cited in 

ref. [5]. 
[5] Hampson, R. F. and Garvin, D., Nat. Bur. Stand. (U.S.), Spec. 

Publ. 513 (1978). 
[6] Atkinson, R., Perry, R. A. and Pitts, J. N., J. Chern. Phys. 65, 

306 (1976). 
[7] Erler, K. and Zellner, R., cited in ref. [3]. 
[8] Castleman, A. W. and Tang, 1. N., J. Photochem. 6,349 (1976). 
[9] Gordon, S. and Mulac, W. A., Int. J. Chern. Kinet., Symp. 1,289 

(1975). 
[10] Cox, R. A., Int. J. Chern. Kinet., Symp. 1,379 (1975). 

Rate coefficient data 

k Icm3 molecule-1 S-1 Temp.IK 

Relative Rate r., .££! 

(7.~ ± 1.2) X 10-"" ~UU 

<1 X 10-18 300 

Reviews and Evaluations 

9 X 10-16 300 

Comments 

(a) Photolysis of H20/CO/1802/N2 mixtures; forma
tion of C 16 O2 and C 16,18 O2 monitored by mass spectrome
try. Presence of S02 affects ratio of isotopic forms of CO2 

postulated to be due to reaction of H02 with S02' Rate 
constant ratio klk '/·(H0 2 + H02 ) found. Authors used 

Reference Comments 

Payne, !Stief and Davis, 1973 [1] (a) 
Graham et al., 1979 [2] (b) 

Hampson and Garvin, 1978 [3] (c) 
I 

k(H02 + H02) = 3.3 X 10-12cm3 molecule- 1 S-l; value 
tabulated here calculated using k(H02 + H02) = 2.3 X 

IO-12cm3 molecule- 1 S-l, as recommended in this review. 
Error limits on k (H O2 + H O2) are not included in the 
error quoted. 

(b) Decomposition of H02N02 in presence of S02. 
[H0 2 NOz] monitored by infra-red absorption spectrome-

J. Phys. Chern. Ref. Data, Vol. 9. No.2, i 980 
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try. S02 has no detectable influence on rate of disappear
ance of H02N02 • Hence only an upper limit to k can be 
estimated. 

(c) Based on [1], recalculated using their own recom
mended value for k(H02 + H02). 

Preferred Values 

No recommendation-see Comments on Preferred 
Values. 

Comments on Preferred Values 

The discrepancy between the two reported measure
ments of k is large. Both methods are indirect but have 

been applied with apparent success to other reactions, 
although, in this respect, the work of [2] appears the 
more reliable. Until confirmatory studies are forthcoming 
we prefer to make no recommendation. The products of 
the reaction have not been identified; the mechanism 
may be addition. 

References 

[1] Payne, W. A., Stief; L. J., and Davis, D. D., J. Am. Chern. Soc. 95, 
7614 (1973). 

[2] Graham, R. A., Winer, A. M., Atkinson, R. and Pitts Jr., J. N., J. 
Phys. Chern. 83, 1563 (1979). 

[3] Hampson Jr., R. F., and Garvin, D., ed., Nat. Bur. Stand. (U.S.), 
Spec. Publ., 513 (1978). 

S+02~SO+O 

I:1HO = -22.8 kJ mol-1 

Rate coefficient data 

k Icm3 molecule-1 S-l Temp.1K 

Absolute Rate Coefficients 
1. 7 X 10-11 exp ( - 28201T) 675-1090 
1.3 X 10-15 298* 
(2.0 ± 0.5) x 10-12 298 
(2.8 ± 0.3) x 10-12 298 
(1.5 ± 0.3) x 10-12 298 
(2.2 ± 0.3) x 10-12 exp( -(0 ± 50)IT) 252-423 
(1. 7 ± 0.3) x 10-12 298 

Reviews and Evaluations 

2.2 x 10-12 250-450 
2.2 x 10-12 250-450 

Comments 

(a) Flow system; S atoms produced by (i) reaction of 0 
atoms with 52' (ii) discharge in S2/Ar mixtures. Results 
from the two sour(;es are in agreement but the rate ex

pression derived, when extrapolated to 298 K, gives a 
value of k three orders of magnitude lower than values 
obtained in other studies. The reasons for the discre
pancy are not clear. 

(b) Flow system; 5 atoms generated by reaction of H 
atoms with H2 5. [0] determined by NO titration, [SO] by 
SOz chemiluminescence. 

(c) Flash photolysis OCS/02/C02 (or Ar/C02) mix
tures. Disappearance of both Sep 2) and Sep 1) followed 
by light absorption. [02] in large excess, decay of 5 first 
order in both [5] and [02], 

(d) Flow discharge; S atoms generated by discharge in 
Ar/S02 mixtures [S], [0] followed by resonance fluores
cence. 

(e) Flash photolysis of (i) OCS/02 IHe, (ii) OCS/02/C02 
mixtures. [5] and [0] followed by resonance fluores
cence. Delay of 200 f.Ls before monitoring fluorescence 
ensures that SeD, IS) are quenched before data collec
tion commences. Data from CO2 mixtures preferred 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, i 980 

Reference Comments 

Homann, Krome and Wagner, 1968 [1] (a) 

Fair and Thrush, 1969 [2] (b) 
Fair, Van Roodselaar and Strausz, 1971 [3] (c) 
Clyne and Townsend, 1975 [4] (d) 
Davis, Klemm and Pilling, 1972 [5] (e) 
Donovan and Little, 1972 [6] (f) 

Schofield, 1973 [7] (g) 
Baulch et al., 1976 [8] (h) 

because of greater likelihood that complications from 
SeD, IS) are avoided. 

(f) Flash photolysis of OCS/02/Ar or N2 mixtures; 
[02] » [S]; [Sept)] monitored by light absorption. 

(g) Based on [2-5]. Results of [1] not used. 
(h) Based on [2-6]. Results of [1] not used. 

Preferred Values 

k = 2.0 X 10-12 cm3 molecule-1 s-1 over range 230-400 
K. 

Reliability 

illog k = ±0.15 at 298 K. 
11 (E/R) = ± 100 K. 

Comments of Preferred Values 

There is good agreement among the values of k ob
tained at 298 K with discharge flow [2,4] and flash photo
lysis [3,5,6] using both absorption and fluorescence to 
follow the course of the reaction. The preferred value is 
based on these studies. The temperature dependence of 
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k is less well characterized. Measurements over the 
range 252-423 K reveal no significant temperature 
dependence [5] but a significant energy of activation is 
found at higher .temperatures [1]. For the lower tempera
tures the results of [5] are preferred but with wider error 
limits because of the lack of confirmatory studies. 

References 

[1] Homann, K. H., Krome, G., and Wagner, H. Gg., Ber. Bunsenges. 
Phys. Chern., 72, 998 (1968). 

ilHO = -415 kJ mol- 1 

[2] Fair, R. W., and Thrush, B. A., Trans. Faraday Soc., 65, 1557 
(1969). 

[3] Fair, R. W., Van Roodselaar, A., and Strausz, O. P., Can. J. 
Chern., 49, 1659 (1971). 

[4] Clyne, M. A. A., and Townsend, L. W., Int. J. Chern. Kinet., 
Symp. 1, 73 (1975). 

[5] Davis, D. D., Klemm, R. B. and Pilling, M., Int. J. Chern. Kinet., 
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Rate coefficient data 

k Icm3 molecule-1 S-1 Temp.IK 

Absolute Rate Coefficients 

(1.2 ± 0.3) X 10-11 298 

Comments 

(a) Discharge flow, S atoms produced by discharge in 
ArlS02 mixture; 0 3 /02 mixture in large excess; [03 ] by 
absorption spectrophotometry. [S] by resonance fluo
rescence. 

Preferred Values 

Reliability 

illog k = ±0.3 at 298 K. 

Reference Comments 

Clyne and Townsend, 1975 [1] (a) 

Comments on Preferred Values 

The preferred value accepts the only available experi
mental determination. The method was direct, and in the 
same study a number of other rate coefficients for S atom 
reactions were measured giving results in good agree
ment with other techniques. 

References 

[1] Clyne, M. A. A., and Townsend, L. W., Int. J. Chem. Kinet., 
Symp. 1, 73 (1975). 

H5 + O2 --7 HO + 50 

ilHO = -101 kJ mol- 1 

Rate coefficient data 

kkm3 molecule-1 S-1 Temp.IK 

Relative Rate Coefficients 
<10- 13 298 
==2 X 10-13 1250 

Comments 

(a) Discharge flow studies on reactions of Hand 0 
atoms with HS radicals. In presence of O2 no evidence 
was found for the reaction with HS indicating that it was 
much slower than other competing reaction (H + HS) in 
the system. 

(b) Shock tube study of the oxidation of methyl mer
captan. S02 and H2 0 products were assumed, to be 

Reference Comments 

Cupiu and Glass, 1975 [1] (a) 
Matsuda and Bauer, 1975 [2] (b) 

formed via the reaction of HS with O2, The reaction 
CH3SH + HS ~ H25 + CHaS is in competition with it. 
The yields of 502, H20 and H2 S indicate that the rate 
constants for the two competing reactions are approxi
mately equal at 1250 K. 

Preferred Values 

See Comments on Preferred Values. 

J. PhY$. Chem. Ref. Data. Vol. 9. No;2, 1980 
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There are insufficient data to give a preferred value 
hut limit [1] is probably reliable. 

References 

[1] Cupitt,1. T., and Glass, G. P., Int. J. Chern. Kinet., Symp. 1,39 
(1975). 

[2] Matsuda,S., and Bauer, S. H., Int. J. Chern. Kinet., Symp. 1,462 
(1975). 

CS+02~CO+SO (1) 

~ OCS + 0 (2) 

llH O (1) = -378 kJ mol-1 

llH o (2) = -165 kJ mol-1 

Rate coefficient data k = kl + k2 

k lem3 molecule-I S-1 Temp.IK 

Absolute Rate Coefficients 
k <;3 X 1O-1B 298 
k < 8 X 10-18 300-670 
k2 (4.5 ± 1.7) x 10-19 293 

k" (5.9 ± 1.3) x 10-18 495 

Branching Ratios 

k21kl = 1.2 298 
k21kl 1.2 341-415 

Comments 

(a) Flash photolysis of e52 /02 mixtures; [CS] moni· 
tored by light absorption. 

(b) Discharge flow; C5 produced by discharge through 
Ar/CS2 mixture; [CS] followed by light absorption. 

(c) Discharge flow; CS produced by a. discharge 
through CS2; [CS], [502 ], [CO], [OCS], measured by 
mass spectrometry. Very slow linear flow rate (== 1 00 ~m 
S-I) necessary to observe reaction. S02, a product 
formed via reaction (1), is at least one order of magnitude 
lower in concentration than CO and OCS. 

(d) Photolysis of CS2 /02 mixtures; analysis of prod
ucts (CO, OCS, 502 , S2 0) by gas chromatography. Light 
of wavelength 313 nm used in [4], which has insufficient 
energy to dissociate the CS2 , but es. postulated to be 
formed by reaction of electronically excited CS2 with O2 , 

In later study [5], A = 213.9 nm which can photodis~ 
sociate CS2 • 

(e) Explosion limits of CS2 /02 mixtures determined by 
gas chromatography. [COl/rOeS] relatively unaffected 
by pressure and temperature changes, and the value of 
0.84 found for the ratio is the same as that found from the 
photochemical studies [4], [5]. Explosion limits modelled 
on basis of assumed mechanism of 8 reaction; computer 
fit to data yielded value for k21k1 • 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

Reference Comments 

Callear and Dickson, 1971 [1] (a) 
Breckenridge, Kolln and Moore, 1975 [2] . (b) 
Richardson, 1975 [3] (c) 

Wood and Heicklen, 1971 [4], 1973174 [5] (d) 
Wood and Heicklen, 1971 [6] (e) 

Preferred Values 

See Comments on Preferred Values. 

Comments on Preferred Values 

The reactions of CS with O2 are slow at 298 K and, 
despite a number of studies, it is only recently that a 
direct measurement of k2 has been made [3]. The rela
tive importance of the two possible reaction channels is 
in dispute. Evidence from the photochemical and explo
sion limit studies [4-6] indicate comparable importance 
but in the more direct flow system study [3] kl was found 
to be at least an order of magnitude less than k 2 • More 
work is required on these reactions. 

References 

[1] Reported in Hancock, G., and Smith, 1. W. M., Trans. Faraday 
SQc., 67,2586 (1971). 

l2] .Hreckenridge, W. H., Kolin, W. ~., and Moore, D. ~., Chern. Phys. 
Lett., 32,290 (1975). 

[3] Richardson, R. J., J. Phys. Chern., 79,1153 (1975). 
[4] Wood, W. P., and Heicklen, J., J.Phys. Chern., 75,854 (1971). 
[5] Wood, W. P., and Heteklen, J., J. PholOchem., 2,173 (1973174). 

[6] Wood, W. P., and Heicklen, J., J. Phys. Chern., 75,861 (1971). 
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SO+02~S02+0 

397 

aHa = -52.6 kJ mol- 1 

Rate coefficient data 

k Icm3 molecule-I S-I Temp./K 

Absolute Rate Coefficients 
<3.3 X 10-16 300 
8.7 X 10-10 exp(~97101T) 750-1100 
6.1 x 10-24 298* 
5.8 X 10-13 exp(-32701T) 580-1145 
1.0 X 10- 17 298* 
(3 :!: 3) X 10-11 exp(-(SOOO :!: 2000)11') 440-530 
1.5 X 10-18 298* 
(1.60 :!: 0.04) X 10-10 exp(-14600IT) 1600-2100 
8.4 X 10-32 298* 
<8 x 10-17 297 

Reviews and Evaluations 

2.21 X 1O-~2 exp(-3900ff) 440-1145 
(7.5 ± 5.0) x lO-'!! exp(-3250 ± 590rr) 440-3100 
3.0 x 10-13 exp( -2820IT) 400-2500 
7.5 X 10-13 exp(-32S01T) 440-2100 

Comments 

(a) Discharge flow; SO produced by discharge in 
S02/Ar mixtures, O2 added downstream of S02 afterglow 
extinction point. No renewal of S02 afterglow observed, 
allowing upper limit for k1 to be calculated. 

(b) H2 S/02/N2 flames at 0.1 and 0.05 atmosphere; 
[02], [S02] by mass spectrometric probe, [SO + S02] by 
probe sampling and wet analysis. Difficulty experienced. 
in obtaining reliable values for [S02] and [SO]. Their 
work [3] supersedes earlier, similar work at high pres
sures and temperature [I]. Large scatter on results, and 
value found for temperature coefficient must be rejected. 

(c) Discharge flow; 0 atoms added to OCS/02/Ar mix
tures; [SO], [S02]' [CO], [OCS], [0], O2 by mass spec
trometry. [SO] calibrated by titration with N02. k deter
mined from the variation of d[S02]ldt with O2 at constant 
[SO]. 

(d) Discharge flow; SO produced by (i) discharge in 
S02. (ii) 0 + OCS readion. Method otherwi!';e a~ in [21-

(e) Shock tube study on CS2/02/Ar mixtures; incident 
and reflected shocks; chemiluminescence from SO + 0 
and SO absorption followed. The value for the tempera
ture coefficient seems unacceptably high. The same 
work has yielded a similarly high value for the CS + O2 
reaction. 

(f) Discharge flow; SO produced by discharge in 
S02/He mixture added to 02/He mixture. [SO] monitored 
by e.s.r. Little [SO] decay observed. 

(g) Based on [3-5]. 
(h) Least mean squares fit to data of [~]. 
(i) Results of [3] largely ignored, recommended value 

based on [4-6]. 
(j) Based mainly on [4], [5]. Slightly higher energy of 

activation than that recommended by Schofield ac-

Reference Comments 

Halstead and Thrush, 1966 [2] (a) 
Merryman and Levy, 1967 [3] (b) 

Homann, Krome and Wagner, 1968 [4] (c) 

Williams, 1968 15] (d) 

Sheen, 1970 [6] (e) 

Breekenridge and Miller, 1972 [7] (f) 

Cupiu and Glass, 1970 [8] (g) 
KUlldlatiev, 1972 [9] (II) 

Schofield, 1973 [10] (i) 
Baulch et aI., 1976; Hampson and Garvin, 

1978 [11] (j) 

cepted; unpublished work reported by Wagner [I2]sup
ports a value of EIR of >3500 K. 

Preferred Values 

k = 9 x 10:- 18 cm3 molecule-1 s-1 at 298 K. 
k = 6 X 10-13 exp(-3300IT) cm3 molecule- 1 s-1 over 

temperature range 300-1000 K. 

Reliability 

alog k = ±0.5 at 298 K. 
a(EIR) = ± 500 K. 

Comments on Pre/erred Values 

The reaction is sufficiently slow at room temperature 
to make its study difficult and the preferred values must 
be based on measurements made at higher tempera
tures. The results of Homann et a1. [4] appear to be the 
most reliable, all other studies giving either very scat
tered results or very large temperature coefficients for 
the reaction. The preferred values are therefore basically 
those from reference [4] but the uncertainty limits have 
been widened to reflect the dearth of reliable data. 

References 

[1] Levy, A., Merryman, E. L., Comb. and Flame, 9,229 (1965). 
[2] Halstead, C. J., and Thrush, B. A., Proc. R. Soc. London, Ser. A, 

295, 363 (1966). 
[3] Merryman, E. L., and Levy, A., J. Air. Poll. Control Ass., 17,800 

(1967). 
[4] Homann, K. H., Krome, G., and Wagner, H. Gg., Ber. Bunsenges. 

Phys. Chern., 72,998 (1968). 
[5] Williams, D. J., Comb. and Flame, 12, 165 (1968). 
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[6] Sheen, D. B., J. Chem. Phys., 52,648(1970). 
[7] Breckenridge, W. H., and Miller, T. A., J. Chem. Phys., 56,465 

(1972). 
[8] Cupitt, L. T. and Glass, G. P., Trans. Farad. Soc., 66, 3007 

(1970). 
[9] Kondratiev, V. N., Kin. i.Kat., 13,1367, 1972, Engl. Trans. p. 

1223. 

ilHO = -445 kJ mol- 1 

[10] Schofield, K., J. Phys. Chem. Ref. Data, 2,25 (1973). 
[111 Baulch, D. L., Drysdale, D. D., Duxbury, J. and Grant, S., ··Eval

uated Kinetic Data for High Temperature Reactions", Vol. 3, 
Butterworths, London (1976); Hampson Jr., R. F. and Garvin, 
D., Ed., Nat. Bur. Stand. (U.S.), Spec. Pub!., 513 (1978). 

[12] Wagner, H. Gg., 14th Comb. Symp., 27 (1973). 

Rate coefficient data 

klcm3 molecule-1 s- 1 Temp.IK 

Absolute Rate Coefficients 
(2_11 ± O_~) x 10-12 exp(-(l060 ± 200)!T) 223-303 
7 X 10-14 298 

Reviews and Evaluations 
(2.5 + 0.3) x 10-12 E''Yp(-(1060 ± ?OO)/T) 223-303 

Comments 

. (a) Discharge flow; SO produced by discharge in (i) 
02/Ar mixtures followed by addition of OCS, (ii) S02/Ar 
mixtures; 0 3 added after 0 atoms had decayed. [SO] 
determined by titration with N02. S02 chemilumines
cence monitored. Emission observed from electronically 
excited states S02(1B) and S02(3B). 

(b) Accepts value from [1]. 

Preferred Values 

k = 6 X 10-14 cm3molecule-1 s-1 at 298 K. 
k = 2.5 X 10-12 exp(-llOOIT) cm3molecule-1 s-1 over 

the range 220-300 K. 

Reliability 

illog k = ±0.3 at 298 K. 
a (EIR) = ±400 K. 

ilHO = -245 kJ mol- 1 

Reference Comments 

Halstead and Thrush, 1966 [I] (a) 

Schofield. 1973 f21 (b) 

Comments on Pre/erred Values 

This highly exothermic reaction yields electronically 
excited S02 as well as ground state products. States 
formed in the initial reaction are S02(XIA) S02(1B), and 
possibly S02(3B), the last two giving rise to chem
iluminescence [1], [3]. However at 298 K the rate con
stants for formation of the IB and 3B states are approxi
mately 10-3 and 10-4 times the value for X lA formation. 
Thus the overall rate constant is effectively that for for
mation of ground state S02 over the temperature range 
quoted. There is only one measurement of the rate 
constant [1], which we accept as reliable, but with wider 
error limits than suggested in the original measurements. 

References 

[1] Halstead, C. J., and Thrush, B. A., Proc. R. Soc. London, SeT. A., 
295, 380 (1966). 

[2] Schofield. K .. J. Phvs. Chem. Ref. Data, 2.25 (1973). 
[3] Kaldor, A., Braun, W., and Kurylo, M. J., J. Chem. Phys., 61, 

2496 (1974). 

Rate coefficient data 

klcm3 molecule- 1 S-1 Temp.IK 

Relative Rate Coefficients 

(1.4 ± 0.1) x 10-11 298 

Comments 

(a) Discharge flow; SO produced by discharge through 
S02/Ar mixtures. N02 added reacts with both SO and 0; 
competition yields k(O + N02 )/k(SO + N02 ) = 0.67 ± 

J. Phys. Chern. Ref. Datg, VQI. 9. NQ. 2, 1980 

Reference Comments 

Clyne, Halstead and Thrush, 1966 [I] (a) 

0.07, k(O + N02 ) taken from this survey to give quoted 
value of k(SO + N02 ). 

Preferred Values 

k = 1.4 X 10-11 ems moleeule- 1 S-l at 298 K. 
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Reliability Reference 

.6. log k = ±O.3 at 298 K. [lJ Clyne, M. A. A., Halstead, C. J., and Thrush, B. A., Proc. R. Soc . 
London, 295,355 (1966). 

Comments on Preferred Values 

The preferred value is the sole available measurement. 
Further work on this reaction is required. 

Rate coefficient data 

klcm3 molecule-1 5- 1 

Absolute Rate Coefficients 
9 X 10-13 

Comments 

Temp./K 

300 

(a) Fast flow system. Reactant concentrations moni
tored by mass spectrometry. Excess H2 0 used. 

Preferred Values 

See comments on Preferred Values. 

Comments on Preferred Values 

In the only reported investigation of this reaction it was 
not possible to identify the initially formed products 

AHO 0) = -92 kJ mol- 1 

Reference Comments 

Castleman et aI., 1974 [1] (a) 

(possibly H2S04 or S03·H20). The reaction appeared to 
be second rather than third order despite the low pre's
sure used~ but the pressure range covered was small 
(1-1.3 Torr). The rate constant is surprisingly high and 
until there are confirmatory studies we prefer to make no 
recommendation. 

Reference 

[1] Castleman Jr., A. W., Davis, R. E., Munkelwitz, H. R., Tang, 1. N., 
and Wood, W. P., Int. J. Chern. Kinet., Symp. 1.,629 (1975). 

Rate coefficient data k k1 + k2 

Comments: 

(a) Flash photolysis of azo methane/OzlSOz mixtures. 
Temperature not specified. presumably == 300 K. Decay 
of [CHs O2 ] followed. by absorption at 265 nm. Products 
of reaction not identified. Rate coefficient is measured 
relative to k for 2CHs O2 ~ products. 

Preferred Valves 

See Comments on Preferred Values. 

Comments on Preferred Values 

Alkyl peroxy radicals react relatively slowly with 502 

and this one measurement of the rate constant for CH3 O2 

is probably best considered to be an upper limit as indi
cated in [1]. Until it is confirmed we make no recommen
dations. 

Reference 

[1] Kan, C. S., McQuigg, R. D., Whitbeck, M. R., and Calvert, J. G., 
1m. J. Chern. Kiner. 11,921 (1979). 
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OCS + h V --7 products 

Primary photochemical transitions 

Reaction 

OCS + hv-+ CO + S (1) 
-+ CO + SeD) (2) 

303 
414 

AthreshoJd / nm 

394 
288 

Absorption cross section data 

Wavelength range/nm Reference Comments 

200-260 
200-260 
125-250 

Sidhu et al., 1966 [1) 
Breckenridge and Taube, 1970 [2] 
Rabalais et aI., 1971 [3] 

(a) 

(b) 
(c) 

Quantum yield data <I> = <1>(1) + <1>(2) 

Measurements Wavelength/nm Reference Comments 

<1>(1) < 0.24 229 and 254- Sidhu et aI., 1966 [1] (d) 
cf>(2) > 0.66 
cf> = 0.90 
cf>(2)/cf> 0.74 ± 0.04 229 and 254 Breckenridge and Taube, 1970 [2] (e) 

Comments 

(a) Temperature, 299 K. No banded structure ob
served contrary to [3] and [2]. 

(b) Temperature. 298 K. 
(c) Temperature not specified, presumably room tem

perature. 
(d) Photolysis of well purified OCS with Hg lamp (254 

11111) amI Cd lamp (229 Illll). ACliI1om~l["y by phutulysis uf 
HBr and Hglpropane. From yield of CO, primary quan
tum yields for OCS removal ep(-OCS) :::: 0.90. Paths (1) 
and (2) distinguished by insertion reaction of SeD) with 
paraffins to give mercaptans; Sep) does not insert. Hg 
photosensitized decomposition of OCS also gives cp = 
0.90. No evidence for decomposition paths other than (1) 
and (2). 

(e) Photolysis of OCS/CS2 and OCS/N2 0 mixtures. 
Hg (254 nm) and Cd (229 nm) lamp used with filters. 
Products analysed by v.p.c. and mass spectrometry. 

CU/lun~ltt:5 un Pr~f~lT~d Valu~:5 

The absorption spectrum at wavelengths> 190 nm 
consists of a continuum with banded structure superim
posed, covering the range 190-260 nm. The bands are 
diffuse and have not been analysed in detail. The data 
of [1-3] are in good agreement but the spectrum of [2J 
seems to be slightly better resolved and is preferred. 
Values of the absorption cross section. have been taken 
from the original results kindly supplied by the authors 
rather than the spectrum in [2]. Only paths (1) and (2) are 
possible at the wavelengths used in the quantum yield 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

m'easurements. The value of cp = 0.90 [1] is based upon 
the measured quantum yield of CO production of 1.8 and 
the well verified fact that S atoms react rapidly with OCS 
to give CO and S2' The values for 4>(1)/4>(2) from the two 
studies are in excellent agreement. 

Preferred Values 

Absorption cross sectionsa and quantum yields for 
OCS photolysis at 298 K 

Alnm l()l'°Cffcm" <1>(1) <1>(2) 

205 7.4 
210 14.0 
215 24.4 
220 29.2 
225 31.8 
230 24.6 0.24 0.66 
9.~!) 1::i.<) 

240 8.8 
245 4.1 
250 1.84 
255 0.78 0.24 0.66 

aValues averaged for 5 nm range centered on tabulated wavelength. 

References 

[1] Sidhu, K. S., Ceizmadia, I. C., StrauGz, O. P., and Cunning, H. E., 
J.A.C.S., 88,2412 (1966). 

[2] Breckenridge, W. H., and Taube, H., J. Chern. Phys., 53,1750 
(1970). 

[3] Rabalais, J. W., McDonald, J. M., Scherr, V. and McGlynn, S. P., 
Chern. Rev., 71,73 (1971). 
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CS2 + hv~ products 

Primary photochemical transitions 

Reaction 

CS2 + h}J-7 CS + S 
-7 CS + SeD) 

426 
537 

AtbreShOld / nm 

281 
223 

Absorption cross section data 

Wavelength range/nm Reference 

125-350 Rabalais et aI., 1971 [1] 

Quantum yield data 

See Comments on Preferred Values. 

Comments 

(a) Temperature not specified, presumably room tem
perature. 

Preferred Values 

Absorption cross sectionsa for CS2 photolysis at 298 K 

A/nm 1021u/cm2 

295 9.6 
305 46.1 
315 71.7 
325 48.2 
335 5.3 
345 2.6 
355 0.51 

aValues averaged for 10 nm range centered on tabulated wavelength. 

Comments 

(a) 

Comments on Preferred Values 

The absorption spectrum of CS2 at wavelengths 
greater than· 200 nm consists of two strongly structural 
bands (190-220 nm and 290-350 nm), the former having 
an absorption cross section approximately 5-10 times the 
latter. The only detailed determination of the absorption 
cross sections appears to be that of [1]. However the 
results are given in the form of ii :;mall diagram from 
which it would be extremely difficult to obtain accurate 
values in view of the strongly banded nature of the spec
trum. The values tabulated above were supplied by Dr. 
R. A. Cox, A.E.R.E., Harwell, U. K. To the extent to 
which comparison is possible they agree with the value 
in [1]. 

Photolysis at wavelengths >230 nm appears only to 
produce electronically excited CS2 molecules. At A <220 
nm formation of S(3P) is observed [2] but not SeD). No 
quantum yield measurements have been made. 

References 
[1] Rabalais, J. W., McDonald, J. M., Scherr, V., and McGlynn, S. P., 

Chern. Rev., 71, 73 (1971). 
[2J Callear, A. B., Proc. R. Soc. London, Sere A., 276,401 (1963). 

4.6. Reactions of FOx 

O+FO~02+F 

I:lHO = -279 kJ moI-l 

Rate Coefficient Data: No available experimental data. 

Preferred ValUe> 

k = 5 X 10-11 cm3 molecule- 1 S-l at 298 K. 

Reliability 

6. log k = ± 0.5 at 298 K. 

Comments on Preferred Value 

This estimate is probably accurate to within a factor of 
3, and is based upon the assumption that the reactivity of 
FO is similar to that of CIO and BrO. The experimentally 
determined rate constants for CIO and BrO at ~298 K 

are (5.2 ± 0.5) X 10-11 cm3 molecule- 1 s-1 [1] and 
(2.5_1.0+2.5) X 10-11 cm3 molecule-1 s"": 1 [2], respectively. 
The temperature dependence of the rate constant is ex
pected to be small. The temperature dependence of the 
analogous CIO reaction has been studied twice with 
somewhat different results. The values reported for EIR 
are -76 K [3] and +224 K [4]. 

References 

[lJ Watson, R. T., J. Phys. Chern. Ref. Data, 6,871 (1977). 
[2] Clyne, M. A. A., Monkhouse, P. B., and Townsend, L. W., Int. J. 

Chern. Kinet. 8,425 (1976). 
[3] Zahniser, M. S., and Kaufman, F., J. Chern. Phys. 66,3673 (1977). 
[4J Clyne, M. A. A., and Nip, W. 1., J. Chern. Soc. Faraday Trans. I. 

72,2211 (1976). 
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tlHO = -153 kJ mol-1 

Rate Coefficient Data,: no available experimental data. 

Preferred Value 

Reliability 

lllog k = ± 0.7 at 298 K. 

Comments on Pre/erred Value 

The rate constant for such a radical-atom process is 
expected to approach the gas collision frequency, and is 
not expected to exhibit a strong temperature depend
ence. 

0(1 D) + HF ~ HO + F (1) 
--;-.. Oep) + HF (2) 

IlHO (1) = -46.9 kJ mol- 1 

tlHo (2) = -189.4 kJ mol-1 

Rate Coefficient Data: no available experimental data. 

Preferred Value 

ReHability 

Illog k = ± 0.5 at 298 K. 

Comments on Preferred Value 

k is assumed to be comparable to most other OlD rate 
constants which approach the gas kinetic collision fre
quency, and as such is not expected to exhibit a strong 
It::U1jJt::n.tLuI t:: Ot::jJt::JH.lt::nct::. 

F + H2~ HF + H 

llHO = -134.8 kJ mol- l 

Rate coefficient data 

klcm3 mQlecule- 1 S-1 Temp./K I 
Absolute Rate Coefficients 

2.66 X 10- 10 exp (-805fT) 298-400 

1.84 x 10- 11 298 
(3.0 ± 0.7) x 10-11 293 

6.3 x 10-11 298 
(6.6 :!: 1.7) x 10-12 293 
(2.5 :!: 1.2) x 10-11 298 
(2.5 ± 0.7) X 10-11 297 
1.55 X 10-10 exp(-544/T) 195-296 
2.47 x 10- 11 296 
2.3 x 10-12 300 

Reviews and Evaluations 

2.5 x lO- lJ 298 

Comments 

(a) Discharge flow: mass spectrometric detection of F 
in the presence of an excess concentration of Hz. Atomic 
fluorine was generated from the N + NF 2 reaction and 
measured quantitatively by titration with ClNO. 

J. Phys. Chern. Ref. Data, Vol. 9. No.2, 1980 

Reference Comments 

Homann, Solomon, Wamatz, Wagner (a) 
and Zetzsch, 1970 [1) 

Dodonov, Lavrovskaya, Morozov, (b) 
and Tal'roze, 1971 [2] 

Kompa and Wanner, 1972 [3J (c) 
Rabideau, Hecht and Lewis, 1972 [4] (d) 
Clyne, McKenney and Walker, 1973 [5] (e) 
Bozzelli, 1973 [6] (f) 
Igoshin, Kulakov, and Nikitin, 1974 [7] (g) 

Lam Thanh My, Peyron, and Puget, (h) 

1974 [8J 

Foon and Kaufman, 1975 [9J 

(b) Discharge flow: mass spectrometric detection of 
Hz and H in the presence of an excess· concentration of 
F (F atom determination somewhat suspect-mass bal
ance among F, Fz and SiF4 ), Diffusion effects taken into 
account-technique referred to as the «Diffusional cloud 
in flUX'1 method. 
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(c) Flash photolysis of WF6 • Rate of removal of F, in 
the presence of an excess concentration of Hz, related to 
the intensity of the HF laser emission. 

(d) Discharge flow: EPR detection ofF and H. Atomic 
F produced from the reaction of atomic H with F 2 • 

(e) Discharge flow: mass spectrometric detection of 
H2 in the presence of an excess concentration· of . F. 
Atomic fluorine concentrations determined using the 
CINO titration reaction .. 

(f) Discharge flow: mass spectrometric detection of F 
(magnetic deflection mode). 

(g) Discharge laser: pulse times as a function of [H2] 
and initiating energy. 

(h) Laser cavity-pulse length as a function of [NF3 ] 

and [H2]. 

Preferred Value 

k = 2.5 X 10-11 cm3 molecule-1 S-1 at 298 K. 
k = 2.0 X 10-10 exp( -620fT) cm3 molecule-1 S-l over 

range 200-400 K. 

Reliability 

/llog k = ± 0.2 at 298 K. 
I:J. (EIR) = ± 250 K. 

Comments on Preferred Values 

The value of k at 298 K seems to be fairly well estab
lished with the results reported in references [1,2,5-7] 
being in excellent agreement considering the diverse na
ture of the experimental techniques used. The value re-

/lB O = -29 kJ mol- l 

ported in reference [3] appears to be too high by a factor 
of ....... 2.5, whereas the values reported in references [4] 
and [8] are too low by factors of 4.and 10 respectively. 
The preferred value at 298 K is taken to be the mean of 
the values reported in references [l,2,~7]. However, the. 
magnitude of the temperature dependence cannot be 
considered to be well established with values of EfR of 
805 K [1] and 544 K [7] being reported. The preferred 
Arrhenius parameters were derived by estimating A to be 
2 X 10-10 cm3 molecule- l S-I, and calculating an EfR 
value to yield the preferr~d value at 298 K of 2.5 X 10-11 

cm3 molecule- l s- l • For detailed comments refer to the 
reviews of Foon and Kaufman [9] and Jones and 
Skolnik [10]. 

References 

[1] Homallll, K. II., Solom.oll, W. E., WWllilL£, J., WagucJ, II. Gg., 
and Zetzsch, C., Ber Bunsenges, Phys. Chern., 74,585 (1970). 

[2] Dodonov, A. F., Lavrovskaya, G. K., Morozov, I. I., and Tal'roze, 
V. L., Dokl. Akad. Nauk USSR, 198,622 (1971); Dokl. Phys. 
Chern. (Eng! Trans.), 198, 140 (1971). . 

[3] Kompa, K. L., and Wanner, J., Chern. Phys. Lett., 12,560(1972). 
{4] Rabideau, S. W., Hecht, H. G., and Lewis, W .. B., J. Magn. 

Reson., 6,384 (1972). 
[ilJ "lynp., M. A. A., M~Kp.nnp.y, D. J., Rnrl Wl'lliCP.T, R. F., "an. J. 

Chern., 51, 3596 (1973). 
[6] Bozzelli, J., Thesis, Dept. of Chemistry, Princeton University 

(Diss. Abstr. lnt. B 34 (2), p. 608) (1973). 
[7] 19oshin, V.l., Kulakov, L. V., and Nikitin, A. I., SOY. J. Quantum 

Electron., 3,306 (1974). 
[8] Lam Thanh My, Peyron, M., and Puget, P., J; de Chimie Physi

que, 71,377 (1974). 
[9] Foon, R., and Kaufman, M., Progress Reaction Kinetics, 8,81 

(1975). 
[10] Jones, W. E., and Skolnik, E. G., Chern. Rev., 76,563(1976). 

Low Pressure Rate Coefficients 

Rate coefficient data 

ko/cm3 molecule-1 S-l Temp.IK 

Absolute Rate Coefficients 
5.2 x 10-"" exp(b5b/T) [Hej zn-~bZ 

4.7 x 10-33 [He] 
(7 ± 2) x 10-33 [He] 293 
(1. 7 ± 0.4) x 10-32 [N2] 293 
(6 ;;t 2) x 10-99 [Ar] 293 
(5.4 ± 0.6) x 10-33 [He] 298 
(1.5 ± 0.3) X 10-32 [02] 298 
(5.0 ± 0.6) X 10-33 [F 2] 298 
(8.4 ± 0.9) X 10-33 [Ar] 298 

Comments 

(a) Discharge flow system, mass spectrometric detec
tion of F and FOz• 

(b) Discharge flow system, ESR detection of F. 
(c) Flash photolysis, infrared-chemiluminescence 

detection of vibrationally excited HF. 

Reference Comments 

Zetzsch, 1'::173 [1J (a) 

Arutyunov, Popov and Chaikin, 1976 [2] (b) 

Chen et aI., 1977 [3] (c) 

Preferred Value 

ko = 1.1 X 10-32 [N2] cm3 molecule-1 s-1 at 298 K. 
ko = 1.1 X 10-32 (T1300t 2 [Nz] cm3 molecule- l s- l over 

range 270-360 K. 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 
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Reliability 

Illog ko = ± 0.3 over range 270-360 K. 

Comments on Preferred Values 

The preferred value is based upon three factors: (a) the 
average of the three determinations of ko (M = He) at 300 
K, (b) the relative efficiency of N2 :He from ref. [2], and 
(c) the temperature coefficient for M = He from ref. [1]. 

High Pressure Rate Coefficients 

No experimental data available. A value of k 00 =3 X 

10-~lcm3 molecule-1 S-1 is estimated as calculated for F 
+ NO + M ~ FNO + M [4]. This gives [N2]c =2.7 X 

1Q21molecules cm-3 at 300 K. 

Preferred Vatue 

k 00 = 3 X 10-11cm3 molecule-1 S-l over range 200-400 
K. 

IlHO = -114 kJ mol- 1 

Reliability 

1l10g k 00 = ± 0.5 over range 200-400 K. 

Comments on Preferred Values 

Rough estimate indicating fall-off effects only to occur 
in the 10-100 atm range. 

References 

(1] Zetzsch, C., First Europ. Symp. on Combust. (ed. Weinberg, F. S., 
Academic Press, London) p. 35 (1973) 

[2] Arutyunov, V. S., Popov, L. S. and Chaikin, A. M., Kinet. Katal. 
17,286 (1976) (Russ.); p. 251 (1976) (Engl.). 

[3] Chen, H. L., Trainor, D. W., Center, R. E., and Fyfe, W. I., J. 
Chern. Phys. 66, 5513 (1977). 

[4] Quack, M. and Troe, J., Ber. Bunsenges. Phys. Chem. 81, 329 
(1977). 

Rate coefficient data 

klcm3 molecule- 1 S-l Temp.1K 

Absolute Rate Coefficients 

2.8 X 10-11 exp(-(226 ± 2(0)IT) 253-365 
1.3 X 10-11 298 

Comments 

(a) Discharge flow: mass spectrometric detection of 
0 3 , 

Preferred Value 

k = 1.3 X 10-11 cm3 molecule-1 S-l at 298 K. 
k = 2.8 X 10-11 exp(-22()fT) cm3 molecule-1 

S-1 over 
range 250-365 K. 

IlHO = -72.0 kJ mol- 1 

Reference 

Wagner, Zetzsch and Warnatz,1972 [1] 

Reliability 

Illog k ± 0.3 at 298 K. 
Il (EIR) = ± 200 K. 

Comments on Preferred Value 

Comments 

(a) 

Value appears to be quite reasonable in view of the 
well known reactivity of atomic chlorine with U3 • 

Reference 

[1] Wagner, H. Gg., Zetzsch, C, Warnatz, J., Ber. Bunsenges, Phys. 
Chem. 76,526 (1972). 

Rate coefficient data 

k IcmS molecule-1 S-1 Temp.1K Reference Comments 

Absolute Rate Coefficients 

2.2 X 10-11 exp(-2011T) 243-365 Zetzsch, 1971 [1J (a) 
1.1 X 10-11 298 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 
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Comments 

(a) Discharge flow: mass spectrometric technique. 

Preferred Value 

k = 1.1 X 10-11 cmo molecule 1 slat 298 K. 
k = 2.2 X 10-11 exp( -200IT) cm3 molecule-1 5-1 over 

range 240-360 K. 

Reliability 

a log k = ± 0.5 at 298 K. 
~ (EfR) = :t 200 K. 

flBO = -139.0 kJ mo]-l 

Comments on Preferred Values 

This'value was reported in the review of Jones and 
Skolnik [2]. The reactivity appears to be somewhat lower 
than might be expected for such a hydrogen abstraction 
reaction (see table in reference [3]). 

References 

[1] Zetzsch, C., Ph.D. dissertation, Georg-August University, 
Gottingen (1971). 

[2] Jones, W. E., and Skolnik, E. G., Chern. Rev. 76,563 (1976). 
[3] Foon, R., and Kaufman, M., Progress Reaction Kinetics 8, 81 

(1975). 

Rate coefficient data 

,,,,,. Ulvn::;"u~", 

Absolute Rate Coefficients 

5.5 x 10-10 exp(-579JT) 298-450 
7.9 x 10-11 298 
(6.0-3+6 ) X 10- 11 300 
7.2 x 10-11 298 

Relative Rate Coefficients 

1.6 X 10-10 exp(-307IT) 253-348 
6 X 10-11 298 
>1 x 10-10 298 

Reviews and Evaluations 

8.0 X 10-11 298 

Comments 

(a) Discharge flow: mass spectrometric detection of F 
in the presence of excess CH4 • Atomic fluorine produced 
from the N + NF2 -7> Nz + 2F reaction. A ratio of 2.06 
exp(226IT) can be obtained for klk(F + H2) by combining 
this value of k with the k(F' + Hz) value reported by 
Homann etal. [8] in the same experimental apparatus. 
This yields a value of 4.35 for klk(F + H2 ) at 298 K. 

(b) Discharge flow: mass spectrometric detection of 
CH4 in the presence of excess F (produced from a HelF 2 

discharge). The F atom concentrations were determined 
using the CINO titration reaction. Combining this value 
of k with their value of k(F + Hz) yields a value of 2.4 for 
kfk(F' + Hz) at 298 K. 

(c) Flash photolysis of WF 6' Rate of removal of F, in 
the presence of an exccss conccntration of CH4 , related 

to the intensity of the HF laser emission. Combining this 
value with their value for k (F + H2 ) yields a value of 1.14 
for klk(F + H2 ) at 298 K. 

(d) Competitive fluorination-consumption technique. 
klk(F + H2 ) = 0.82 exp( +313IT). k(F + H2 ) = 2.0 X 10-10 

exp( -620fT) ems molecule- l 8-1 • klk(F + H2 ) = 2.4 at 298 
K. 

(e) A lower limit was determined for k relative.to k(F 
+ NO -7> FNO). 

'R .-&', l.ornmpnt!'< 

Wagner, Warnatz, and Zetzsch, 1971 [l} (a) 

Clyne, McKenney and Walker, 1973 [2] (b) 
Kompa and Wanner, 1972 [3] (c) 

Foon and Reid, 1971 [4] (d) 

Pollock and Jones, 1973 [5} (e) 

Foon and Kaufman, 197& [6J 

Preferred Value 

k = 8 X 10-11 em3 moleeule- 1 ~-l at 298 K. 
k = 3.0 X 10-10 exp(-400IT) cm3 molecule- 1 s- 1 over 

range 250-450 K. 

Reliability 

A log k = ± 0.2 at 298 K. 
A (EIR) = ± 150 K. 

Comments on Preferred Values 

The three absolute rate coeffcients determined at 298 
K are in good agreement~ however, this may be some
what fortuitous as the ratios of klk(F + H2 ) determined 
by these same group5 can only be c0l15idered to be in fair 

agreement, 4.35 [1], 2.4 [2] and 1.14 [3}. The values 
determined for k at 298 K from the relative rate coeffi
cient studies are also in good agreement with those deter
mined in the absolute rate coefficient studies, and the 
value of 2.4 reported for klk(F + Hz) in reference [4] is 
in good agreement with that reported in reference [2J. 
The preferred value for k at 298 K of 8.0 x 10 11 

cm3 molecule-1 S-l is a. weighted (according to their 
reliability) mean of all the results. The magnitude of the 

J. Phys. Chem. Ref. Date, Vel. 9. Nc. 2, 1980 
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temperature dependence is somewhat uncertain. The 
preferred Arrhenius parameters are based on the data 
reported in references [1] and [4], and the preferred Ar
rhenius parameters of the F· + Hz reaction. This reac
tion has recently been reviewed by both Foon arid 
Kaufman [6], and Jones and Skolnik [7]. 

References 

[1] Wagner, H. Gg., Warnatz, J.. and Zetzsch, C., Analos Assoc. 
Quim. Argentina, 59, 169 (1971). 

[21 Clyne, M. A. A., McKenney, D. J., and Walker, R. F., Can. J. 
Chern., 51,3596 (1973). 

[3] Kompa, K. L., and Wanner, J., Chern. Phys. Lett., 12,560(1972). 
[4) Foon, R., and Reid, G. P., Trans. Faraday Soc., 67,3513 (1971). 
[5] Pollock, T. L., and Jones, W. E., Can. J. Chern., 51,2041 (1973). 
[6] Foon, R., and Kaufman, M., Progress Reaction Kinetics, 8, 81 

(1975). 
[7] Jones, W. E., and Skolnik, E. G., Chern. Rev. 76,563 (1976). 

[8] Homann, K. H., Solomon, W. C., Warnatz, ]., Wagner, H. Gg., and 
Zetzsch, C., Ber. Bunsenges. Phys. Chern., 74,815 (1970). 

FO + 0 3 ~ F + 202 (1 ) 

~ F02 + O2 (2) 
AHO (1) = -172 kJ mol- 1 

AHo (2) = -239 kJ mol- 1 

Rate Coefficient Data: no direct experimental data 
available. 

Preferred Value 

None. 

Comments 

TheFO + Os reaction has two possible pathways 
which are exothermic, resulting in the production of F + 
202 or F02 + O2 , Although this reaction has not been 
studied in a simple direct manner, two studies of com
plex chemical systems have provided some relevant 
kinetic information. Stanico et al. [1] measured quan
tum yields for ozone destruction in F 2/03 mixtures, and 
attributed the high values, -4600, to be due to the rapid 
regeneration of atomic fluorine via the .fU + U3 ~ t' + 
202 reaction. However, their results are probably also 
consistent with the chain propagation process being FO 
+ FO --.,), 2F + Oz (the latter reaction has been studied 
twice (Wagner et aI., 1972 [2], Clyne and Watson, 
1974 [3]) but although the value of [F]Pl'oduced/[FO] consumed 
is known to be close to unity it has not been accurately 
determined), Consequently it is impossible to ascertain 
from the experimental results of Starrico et al. whether 
or not the high quantum yields for ozone destruction 
should be attributed to the FO + 0 3 reaction producing 
either F + 202 or F02 + O2 (this process is also a chain 
propagation step if the resulting F02 radical preferen
tially reacts with ozone rather than with either FO or 
itself). Wagner, et al. utilized a low pressure discharge 

flow: mass spectrometric system to study the F + 0 3 and 
FO + FO reactions by directly monitoring the time his
torY of the concentrations of F, FO and 0 3 , They con
cluded that the FO + 0 3 reaction was unimportant in 
their system. However, their paper does not present 
enough information to warrant this conclusion. Indeed, 
lliei! valut:: vfk(FO + FO) of3 x 10- 11 cm:lmolecule-1e-t 

is about a factor of 4 greater than that reported by Clyne 
and Watson (1974), which may possibly be attributed to 
either reactive impurities being present in their system, 
e.g., O(SP), or that the FO + 0 3 reactions were not of 
negligible importance in their study. Consequently, it is 
not possible to determine a value for the FO + 0 3 reac
tion rate constant from existing experimental data. It is 
worth noting that the analogous CIO + 0 3 reactions are 
extremely slow (-10- 18 cm3 molecule-1 S-1) [4], and 
upper limits of 8 X 10-14 cm3 molecule- 1s-1 rSl and S X 
10-15 cm3 molecule- 1 s-1 [6] have been reported for 
k(BrO + 0 3 ), 

Referenc;cs 

(1] Starrico, E. H., Sicre, S. E., and Schumacher, H. J., Z. Physik 
Chern. N.F. 31,385 (1962). 

£2] Wagner, H. Gg., Zetzsch, C., and Warnatz, J., Ber Bunsenges. 
Phys. Chern. 76,526 (1972). 

[3] Clyne, M. A. A., and Watson, R. T., J. Chern. Soc. Faraday Trans. 
I, 70, 1109 (1974). 

[4] DeMore, W. B., Lin, C. L., Jaffe, S., results presented at ACS 
meeting Philadelphia, 1975, and 12th informal conference on 
Photochemistry, Washington, D.C. (1976). 

[5] Clyne, M. A. A., and Cruse, H. W., Trans. Faraday Soc. 66,2214 
(1970). 

[6J Sander, S. P., and Watson, R. T., manuscript in preparation (1978). 

FO + NO ~ F + N02 

AHO = -239 kJ mol- 1 

Rate Coefficient Data: no available experimental data. 
Reliability 

Preferred Value 
~ log k ± 0.5 at 298 K. 

J. Phy:. Chetn. ReI. Data, Vol. 9. No.2, 1980 
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Comments on Preferred Fatu€ 

Although there have been no experimental studies of 
this reaction 5 it has been.used as a rapid titration reaction 
by Clyne and Watson [I}. The estimate is probably ac
curate to within a factor of 35 and is based upon the 
assumption that the reactivity of FO is similar to that of 
CIO and BrO. The experimentally determined rate con
stants for CI0 and BrO at -298 K are 1.8 X lO-llcm3 

molecule- 1 s-1 and 2.1 x IO-l1cm3 molecule- 1 s-1
, re

spectively, (this evaluation). The temperature depend
ence of k is expected to be small for such a radical-radical 

Rate coefficient data: no eXiJelimiental data available. 

kG = L7 X lO-Bl (Tf300t3 

range 200-400 K. 
k~ "'" 1.2 x 10-n em:'! molecule- i :!-", over range 200-400 

K. 
Fe = 0.7 

~HC (1) -59 kJ mol- 1 

-126 yJ mol-: 

I.lHC (3) = -218 kJ mol- 1 

reaction. The temperature dependences of k for the ana
logous CIO and BrO reactions have been reported to be 
negative with EIR values of -200 K [2] and -296 K [31 
for CIO~ and -296 K [4] and -181 K [5] for BrO. 

References 

[1} Clyne, M. A. A., and Watson, R. T., J. Chern. Soc. Faraday Trans. 
1. 70~ 1109 (1974). 

[2J Zahniser, M. S., and Kaufman, r., J. Chern. Phys. 66~ 3673 (1977). 
[3] Leu, M. T., and DeMore, W. B., J. Phys. Chern. 82~ 2049 (1978). 

[4} Leu, M. T., Chem. Phys. Lett. 61~ 275 (1979). 
[5J Watson, R. T., and Sander, S. P., Manuscript in preparation 

(1978). 

Reliability 

!J., log k = ± 0.7 over range 200-400 K. 

Comments on Preferred Values 

'l alues preferred are those derived for CIO + N02 + 
M > CIONOz + M; no large difference to that system 

is expected. 

Rate coefficient data (k = kl + k2 + ks} 

Temp./K 

(8.b :i: 2.8) >< lO-lz 298 

Relative Rate Coefficients 

3.3 )< 10- 1: 298 

Discharge flov",: mass spectrometric detection of 
FO and N02 (unreacted FO ,Nas converted to N02 via the 
rapid NO + FO ~> N02 -:- F reaction). 

Discharge flow: mass spectrometric detectionofF~ 
FO ~ F2. and. Os< From the time behavior of these species 
a value ,'{as derived for k~ and information concerning the 
relative importance of the three chsnnels obtained, This 
valUe of k is sensitive to the value of k(F + 03)~ and the 
assumed reaction mechanism, 

Reference Comments 

Clyne and Wa.tson, 1974.' tIl ~ai 

Wagner, Zetzsch and. Wamatz, 1972 [2} (b) 

Reliability 
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Comments on Preferred Value 

Although the value of k reported by Clyne and Watson 
was obtained in a more direct manner than that of 
Wagner et al., and as such is less susceptible to error due 

that the dominant reaction channel is that producing 2F 
+ O2 , However, their data base is not adequate to con
clude that it is the only process. 

References 

to the presence of complicating secondary reactions and n 1 Clyne. M. A. A., and Watson, R. T., J. Chem. Soc. Faraday Trans. 
thus would normally be preferred, the value to be pre- I, 70,1109 (1974). 
ferred in this assessment is a weighted average of the two [2] Wagner, H. Gg., Zetzsch, C., and Warnatz, J., Ber. Bunsenges. 

studies. From the data of Wagner et a1. [2] it can be seen Phys. Chem., 76,526 (1972). 

HF + h v ~ products 

Primary photochemical transitions 

Reaction Athreshold / nm 

HF + hv-+ H + F 566.57 211 

HF is optically transparent within the wavelength region of interest in this review, i.e., !.. > 165nm. Safary et al. [1] observed the onset of a weak 
absorption continuum at 161.3nm where the absorption cross section had a value of -1.5 x 10-22 cm2 molecule-I. 

Referenc;e 

[1] Safary, E., Romand, J., and Vodar, B., J. Chem. Phys., 19,379 
(1951). 

Reaction 

COF2 + hv-+ CO + F2 (1) 
-+ COF + F (2) 
-+ CO + 2F (3) 
-+ CF2 + 0(3P) (4) 

COF2 + h V ~ products 

Primary photochemical transitions 

518 
539 
672 
697 

AbsoX'ption ct"oaa section data 

231 
222 
178 
172 

Wavelength range/nm Reference Comments 

184.9-226 Chou et al., 1977 [1] (a) 

Quantum Yield Data: No available experimental data. 

Comments Preferred Values 

(a) Absorption cross sections measured at 296 K. Absorption cross sections for COF2 photolysis at 298 K 

Tabulated values averaged over 500 cm-1 intervals. The 
spectrum shows considerable structure. 

J_ Phya_ Chom_ Rof_ Date, Vel. O. Ne. 2, 1080 

A(nm) IOZou/cm2. !..(nm) 

184.9 4.7 205.1 
186.0 5.5 207.3 
187.8 5.2 209.4 
189.6 4.5 211.6 
191.4 4.0 213.9 
193.2 3.3 216.2 
195.1 2.8 218.6 
197.0 2.3 221.0 
199.0 1.9 223.5 
201.0 1.4 226.0 
203.0 1.1 

Quantum yields for COF 2 photolysis at 298 K 

No recommendation. 

lOZou/cm2 

0.86 
0.65 
0.48 
0.36 
0.26 
0.21 
0.15 
0.12 
0.10 
0.08 
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Comments on Preferred· Values 

The preferred values of the absorption cross sections 
are those of Chou et ale [1]. 

By analogy with COCl2 ·photolysis process (2) would be 
expected to be the primary photolytic process within the 
wavelength region of interest, 185nm SA=:; 226nm. The 
uncertainties in the values of t:Jf0 

f for COF are ± 60 kJ 
mol-1 which results in an uncertainty of ±25nm in· 

Considering the uncertainties associated with Athreshold 

for process (2), the observation of a highly structured 
spectrum, and the lack of any experimental quantum 
yield data, there is an urgent need for quantitative qUan
tum yield data, and for absorption cross section data at 
low temperatures. 

Reference 

[1] Chou, C. C., Crescentini, G., Vera-Ruiz, H., Smith, W. S., and 
Athreshold for process (2). Therefore, the true value of Rowland, F. S., Presented at the 173rd American Chemical 
A threshold for process (2) lies between 200nm and 250nm. Society National Meeting, New Orleans, March 1977. 

Reaction 

FON02 + hv~ FO + N02 (1) 
~ F + NOa (2) 
~ FONO + O(3P) (3) 
~ FONO + OPD) (4) 

FON02 + h V ~ products 

Primary photochemical transitions 

132 
140 
306 
496 

Note: IJ..Ho298 values are given since the heat of formation of FONO at 0 K is not known. 

906 
854 
391 
241 

No experimental data are available for either the absorption cross sections or quantum yields for photodissociation of fluorine nitrate. 

Preferred Values 

No preferred values can be given in the absence of any 
experimental data. In all probability, the absorption 
cross sections will be significantly lower than those of 
CION02 , resulting in low atmospheric J values. 

4.7. Reactions of CIOx 

o + HCI ~ HO + CI 

IlHo = + 3.4 kJ mol- 1 

Rate coefficient data 

klcm3 molecule-1s-1 Temp.IK 

Ab:!>o}ute Rate Coefficientl5 

(1. 75 ± 0.6) X 10-12 exp( -2260IT) 295-371 
9.36 X 10-16 300 
(1.9 ± 0.27) X 10-11 exp(-(3584 ± 70)ff) 356-628 
1.14 ;II; 1O- 1G 298* 
2.5 X 10-12 exp(-2970ff) 293-440 
1.3 X 10-16 300 
(5.2 ± 0.9) X 10-11 exp(-(3755 ± 4OO)ff) 350-454 
1.75 x lO-16 200* 
(8.5 ± 1. 7) X 10-12 exp( -(3220 ± 150)ff) 293-718 
(1.55 ± 0.33) X 10-16 293 

Reviews and Evaluations 

1.14 X 10-11 exp( -337O/T) 293-718 
1.14 X 10-11 exp(-3370ff) 293-718 

Comments 

(a) Discharge flow, [0] monitored by EPR. 
(b) Stirred reactor, [0] monitored mass spectrometri

cally. -

Reference Comments 

Balakhnin, Egorov and Interzarova, 1971 [1] (a) 

Wong and Belles, 1972 [2] (b) 

Brown and Smith, 1975 [3] (c) 

Ravishankara, et al. 1977 [4] (d) 

Hack, Mex, and Wagner, 1977 [5] (a) 

Watson, 1977 [6] 
NASA, 1977 [7] 

(c) Discharge flow, [0] monitored in presence of NO 
via N02 * chemiluminescence. 

(d) Flash photolysis: resonance fluorescence detection 
of [0]. 

J. Phys. Chem. Re~. Data, Vol. 9. No.2, ·1980 
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Preferred Value 

k = 1.4 X 10- 16 cm3 molecule- 1 S-1 at 298 K. 
k = 1.1 X 10-11 exp(-3370IT) cm3 molecule- 1 S-l over 

range 293-718 K. 

Reliability 

6. log k =, ± 0.3 at 298 K. 
A (E/R) = ± 350 K. 

Comments on Preferred Values 

Fair agreement PY1MfO! hptwPfm the results of Brown 
and Smith [3], Wong and Belles [2], Ravishankara et 
a1. [4] and Hack et a1. [5] at 300 K (some of the values 
quoted for k at 298 K were obtained by extrapolation of 
the experimentally determin'ed Arrhenius expressions), 
but these are a factor of --7 lower than that of Balakhnin 

et al. [1]. Unfortunately the values reported for EIR are 
in complete disagreement ranging from 2260-3755 K. 
The preferred value was based on the results reported in 
references [2-5], but not those reported in reference [I]. 
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[3] Brown, R. D. H., and Smith, I. W. M., Int. J. Chem. Kinet. 7,301 
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[4] Ravishankara, A. R., Smith, G., Watson, R. T., and Davis, D. D., 
J. Phys. Chern. 81,2220 (1977). 

[5] Hack, W., Mex, G., and Wagner, H. G., Ber. Bunsenges. Phys. 
Chem. 81,677 (1977). 

[6] Watson,'R. T., J. Phys. Chern. Ref. Data 6,871 (1977). 
[7J NASA Ref. Pub. =11=1010. Chlorofluorornethanes and the Strato

sphere, Chapter 1, R. D. Hudson, editor (1977). 

o + CIO ~ O2 + CI 

6.HO = -230.3 kJ mol- 1 

Rate coefficient data 

k/cm3 molecule- 1s- 1 Temp.1K 

Absolute Rate Coefficients 
>1.0 X 10-11 300 
>1.3 X 10- 11 300 
1.2 X 10-11 300 
(5.3 ± 0.8) x 10-11 298 
(5.7 ± 2.3) X 10-11 298 
(1.07 ± 0.15) X 10- 10 exp(-(224 ± 38)/T) 220-425 
5.2 X 10-11 298 

Relative Rate Coefficients 

(7 ± 1.5) X 10- 11 1250 
4.19 X 10-11 exp(-(U ± 130)IT) 218-295 
(4.2b ± V.8b) x lO- u 295 

Reviews and Evaluations 

1.07 X 10-10 exp(-224IT) 220-425 
7.7 x 1O- u exp(-130/1') 22U-298 

Comments 

(a) Data incorrectly analyzed (see reference [4]). 
(b) Discharge flow: resonance fluorescence detection 

of OCSP) in the presence of an excess concentration of 
CIO. . 

(c) Discharge flow: mass spectrometric detection of 
CIO in the presence of an excess concentration of O(SP). 
Although this value is in good agreement with the pre
ferred value, the precision of the mass spectrometric 
technique for this reaction was lower than that of the 
re~onance fluorescence ~tudies [4,5J-

(d) This value was derived from an experimental 
determination of klk (0 + Clz) at 1250 K. Unfortunately 
there appears to be great potential for error in this study: 
(a) the value of k(O + C12 ) is not well established at 1250 
K (± factor of -2), and (b) the values reported for (Tc~ 

J. Phys. Chern. Ref. Data, Vol. 9. No.2, 1980 

Reference I Comments 

Clyne and Coxon, 1966 [1] 
Freeman and Phillips, 1968 [2] 
Basco and Dogra, 1971 [31 (a) 
Bemand, Clyne and Watson, 1973 [4] (b) 
Bemand, Clyne and Watson, 1973 [4J (c) 
Clyne and Nip, 1976 [5] (b) 

Park, 1976 [6) (d) 
Zahniser and Kaufman, 1977 [7] (e) 

Watson, 197i [8J (f) 
NA!SA, 1977 [9) (g) 

and <TCIO (k is quadratically dependent upon <TClO) are 
questionable. Therefore, the reliability of this determina
tion is no better than a factor of --2-3, and it must be 
considered 'fortuitous that the value reported is within 
25% of the value derived from the preferred Arrhenius 
expression at 1250 K. 

(e) k was measured relative to k(CI + Os) using the 
discharge flow technique in conjunction with resonance 
fluorescence detection of [ell and resonance absorption 
detection of [0, sP], in a system where O(SP), CI, CIO 
and 0 3 had reached a steady !il.tate condit jon. The tRhu
lated Arrhenius expression was obtained by combining 
the experimentally determined ratio of 1.55 exp( +(246 ± 
30)IT) for klk(CI + Os) with the preferred Arrhenius 
expression for k(Cl + 0 3 ) from this evaluation: keel + 
0 3 ) taken to be 2.7 X 10-11 exp(-257/T) cm3 
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molecule- I S-l. The uncertainty limits reflect the uncer
tainties in both klk (CI + Os) and k (C1 + 0 3), An alternate 
Arrhenius expression can be derived (that shown in the 
original publication) by using the value of k(Cl + 0 3) 

determined by Zahniser et al. [10] in the same ex
perimental apparatus: k(Cl + 0 3) = 2.17 X 10-11 

exp(-17l!T) cm3 molecule- 1 s- 1 yielding a value of 3.38 
X 10-11 exp( +(75 ± 40)IT) cm3 molecule- I S-l for k. Al
though both klk(Cl + 0 3) and k(CI + 0 3) were deter
mined in the same experimental apparatus the evaluated 
Arrhenius expression was used for k(Cl + 0 3 ) because 
the measurement of a rate constant ratio should be less 
susceptible to systematic errors than an individual ab
solute determination of a rate constant, assuming that 
the chemistry of the reacting system is fully understood. 
The value tabulated for k at 295 K was derived by com
bining the experimental value of klk(Cl + 03) of 3.45 ± 
0.16 and a value of L2 x 10-11 cm3 molecule- 1 s- 1 for k(Cl 
+ 0 3), The value of k (el + Os) determined by Zahniser 
et .qL (10] at 298 K, is in excellent agreement with the 

value preferred in this evaluation, and would result in the 
same value of k. 

(f) Value reported by Clyne and Nip [5]. 
(g) This expression is based on values of 5.U x H..;-11 

cm3 molecule- 1 s- 1 and 4.4 X 10-11 crn3 molecule- 1 s- 1 at 
298 and 230 K, respectively. These values were deduced 
from the experimental data reported in the original 
references [4,5,7]. 

Preferred Value 

k = 5.0 X IO-il ems molecule-1 S-l at 298 K. 
k = 7.5 X 10- 11 exp(-120IT) cm3 molecule- 1 s- 1 over 

range 220-425 K. 

Reliability 

!1log k = ± O.l at 298 K. 
11 (EIR) = ± 120 K. 

Comments on Pre/erred Values 

The preferred value at 298 K is a weighted mean, 
according to precision, of the data reported in ref
erences [4,5,7]. The Arrhenius parameters were derived 
by taking a mean of the two tabulated values ofEIR [5,7], 
and adjusting the A-factor to yield the preferred value for 
k at 298 K. 
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Soc. Faraday Trans. I. 69, 1356 (1973). 
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[10] Zahniser, ~. S., Kaufman, F., and Anderson, J. G., Chern. Phys. 

Lett. 37,226 (1976). 

o + CION02 -7 CIO + N03 (l) 

D.H C (I) -102 kJ mol- 1 

IlHo (2) -140 kJ mol- 1 

klcm3 molecule-1 ~-l 

Absolute Rate Coefficients 
(2.0 ::t 0.2) X 1O-1~ 

(304. ::t 0.6) X 10- 12 exp(-(840 ::t 60)!T) 
(2.0 ::t 0.4) X 1O-1~ 

(l.87 ::t 1.29) X 10- 12 exp(-(692 ::t 1 67)!T) 
1.8 X 1O-1~ 

Reviews and Evaluation.s 

3.0 X 1O-1~ exp(-808/T) 

~ octo + N02 (2) 

-7 O2 + CIONO (3) 

Rate coefficient data (k = k1 + k2 + k~J 

Temp.JK 

245 
2l3-295 
295 
225-273 
298'" 

213-295 

Reference 

Ravishankarc, et al. 1977 [II 
Molina, Spencer and Molina 1977 [2j 

Kurylo, 1977 [3] 

NASA, 1977 [4j 

Comments 

(a) 

(b) 

(c) 

(d) 
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Comments 

(a) Static system flash photolysis: resonance fluores
cence detection of 0(3P). Handling ClON02 was re
ported to be more difficult than usual owing to its insta
bility on metal or wet sunaces. 

(b) Discharge flow: chemiluminescence detection of 
atomic oxygen (0 + NO ~ N02*)· 

(c) Flowing system flash photolysis: resonance fluo
rescence detection of 0(3P). 

(d) This is a composite expression derived by Kurylo 
(1977) based on his data combined with that reported by 
Molina et al. (1977). 

Preferred Value 

k = 1.9 X 10-13 cm3 molecule- 1 S-1 at 298 K. 
k = 3.0 X 10-12 exp( -808fT) cm3 molecule-1 S-l over 

range 213-295 K. 

Reliability 

illog k = ± 0.1 at 298 K. 
tl. (EfR) = ± 200 K. 

Comments on Preferred Values 

The results reported by Molina et al. [2] and Kurylo [3] 
are in good agreement, and this data has been used to 
derive the preferred Arrhenius expression. The value 
reported by Ravishankara et al. [1] at 245 K is a factor of 
2 greater than those from the other studies [2,3] and this 
may possibly be attributed to either, (a) secondary ki
netic complications, (b) presence of N02 as a reactive 
impurity in their ClON02, or (c) formation of reactive
photolytic products. None of the studies reported identi
fication of the reaction products. 
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Spencer, J., Geophys. Res. Lett. 4,7(1977). 
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0(10) + CF2 CI2 ~ CIO + CF2 CI (1) 

~ 0(3 P) + CF2 CI2 (2) 
tl.HO (1) = -112.2 kJ mol- 1 

tl.Ho (2) = -189.4 kJ mol-1 

Rate coefficient data (k =kl + k2 ) 

k fcm3 molecule- l S-1 Temp.IK 

Absolute Rate Coefficients 
(4.8 ± 0.5) x 10-10 298 
(1.45 ± 0.5) x 10-10 298 

Relative Rate Coefficients 
2.0 x 10-10 298 
3.9 X 10-10 298 
2.3 x 10-10 298 

Review:> i:tml Evi:t.lui:tlivJ1:> 

2.1 X 10-10 298 
2.0 X 10-10 298 

Comments 

(a) Flash photolysis. [OlD] monitored in absorption by 
time resolved attenuation of resonance radiation at 115.2 
nm, 0(3D2 ~ 2D2)' Data analysis used a modified Beer
Lambert law:/tl/o = exp(-a-(clf) with y = 0.41. A value 
of 2.2 was obtained for kfk(OlD + N20). 

(b) Flash photolysis, [OlD] monitored by time re
solved decay of the Oe D) ~ O(3P) emission at 630 nm. 
A value of 1.3 was obtained for klk(OID + N20). 

(c) By monitoring the production of N2 as a function of 
[CF2 Cld/[N2 0] a value of 1.2 was obtained for klk(OlD 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

Reference Comments 

Fletcher and Husain, 1976 [I] (a) 
Davidson et al., 1978 [2] (b) 

Jayanty, Simonaitis and Heicklen, 1975 [3} (c) 
Atkinson et al., 1976 [4] (d) 
Green and Wayne, 1977 [5] (e) 

Watson, 1977 [6] (f) 
NASA, 1977 [7] (g) 

+ N20). k(OID + N20) taken to be 1.63 X 

10-10cm3 molecule- l S-1 (this evaluation). 
(d) By monitoring L1[CF2Cl2]ftl.[N2 0] as a function of 

[CF2 Cl2 ]/[N2 0] using IR spectroscopy, a value of 2.4 
was obtained for k1fk(0lD + N20). k(Ol D + N20) taken 
to be 1.63 X 10-10cm3 molecule- l S-l (this evaluation). 

(e) By monitoring Ll[CF2CI2]1 tl..[N2 0] as a function of 
[CF 2 C12 ]/[N2 0] using IR spectroscopy, a value of 1.4 
was obtained for k 11k(01D + N20). k(OlD + N20) taken 
to be 1.63 X 10-locm3 molecule- l S-1 (this evaluation). 

(f) This value was based on combining the mean of the 
ratios reported for klk(OlD + N2 0) in references [3] 



KINETIC AND PHOTOCHEMICAL DATA fOR ATMOSPHERIC CHEMistRY 413 

and [4], with the value of k(OlD + N2 0) reported by 
Davidson et al. [8]. klk(OlD + N2 0) = 1.8, k(OlD + 
N2 0) was erroneously taken to be 1.17 X 

10-1ocm3molecule-1 S-1 rather than 1.10 x 
10-I0cm3molecule-1 S-l. 

(g) The value reported from the resonance absorption 
study [1] was multiplied by 0.41 (the 'Y-factor). This was 
equivalent to assuming that the correct value of 'Y was 
l.O--hased upon the observation that most absolute rate 

constants obtained using the resonance absorption tech
nique are a factor of -2.2 greater than those obtained 
using the 0(1 D) ~ 0(3P) emission technique. 

Preferred Value 

Reliability 

6. log k ± 0.3 at 298 K. 

Commen~s on Preferred Values 

The preferred value was obtained by taking the mean 
value of klk(OlD + N2 0) reported in references [1-5], 
and combining it with the preferred value of 1.63 x 
10-1ocm3 molecule-1 s-1 for k(OlD + N2 0) from this eval
uation. klk(Ol D + N2 0) = 1.7. The absolute rate coeffi
cient studies, [1] and [2], monitored the total rate of 
removal of 0 1 D in the presence of an excess concentra
tion of CF 2 C12 • Consequently, these studies measured kJ 
+ k2 and could not provide any information concerning 
the relative importance of the two channels «1) and (2». 
The relative rate coefficient study of Jayanty et a1. [3] 

measured (k1 + k2 )/k(01D + N2 0), whereas the relative 
rate coefficient studies ·of Atkinson et al. [4] and Green 
and Wayne [5] only measured the reactive channel, i.e., 
k1/k(OlD + N2 0). Consequently, the values of (k1 + 
k2 )lk(01D + N 2 0) reported in references [1-3] should be 
greater than the values of k1lk(OlD + N20) reported in 
references [4] and [5] if the quenching channel (2) isan 
important process. Inspection of the data shows that it is 
scattered and that from these studies R value CRnnot be 

deduced for k1/k2 • Values of 2.2 [1], 1.3 [2] and 1.2 [3] 
were reported for (k1 + k2 )lk(OlD + N2 0) in contrast to . 
values of 2.4 [4] and 1.4 [5] for k1/k(OlD + N2 0). The 
flash photolysis: plate photometric technique has been 
utilized [9] to verify that CIO is a primary product of the 
OlD + CF2 Cl2 reaction. By monitoring A[CIO]produced/ 
~[03]removed a value of ;:::0.47 was reported for k1/(k1 + 
k2 ). This value is a lower limit as ~[CIO] may have been 
underestimated due to removal by any O(3P) formed in 
reaction (2). 
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[2] Davidson, J. A., Schiff, H. I., Brown, T. J., and Howard, C. J., J. 

Chern. Phys. 69,4277 (1978). 
[3} Jayanty; R. K. M., Simonaitis, R., and Heicklen, J., J. Photochem. 

4, 381 (1975). 
[4) Atkinson, R., Breuer, G. M .. , Pitts, J. N., Jr., and Sandoval, H. L., 
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istry, 7, 29 (1977). 

0(1 D) + CFCI3~ CIO + CFCI2 (1 ) 

aHO (1) = -148 kJ mol- 1 

IlHo (2) = -189.4 kJ mol- 1 

klcm3 molecule- J S-I 

Absolute Rate Coefficients 
(5.5 ± 0.7) x 10-10 

(2.2 ± 0.7) x 10- 10 

Relative Rate Coefficients 
2.4 X 10-10 

4.3 x 10- 10 

Reviews and Evaluations 
2.44 x 10- 10 

2.3 x 10-10 

-...,. 0(3 P) + CFCI3 (2) 

Rate coefficient data (k = kl + k2.) 

Temp.1K Reference Comments 

298 Fletcher and Husain, 1976 [1] (a) 
298 Davidson et a1., 1978 [2] (b) 

298 Jayanty, Simonaitis, and Heicklen, 1975 [3] (c) 

298 Atkinson et aI., 1976 [4] (d) 

298 Watson, 1977 [5] (d) 
298 NASA, 1977 [6] (f) 

J. PhYi. C;hem. Ref. Data, Vol. 9. No.2, 1980 
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Comments 

(a) Flash photolysis. [.0 1 D] monitored in absorption by 
time resolved attenuation of resonance radiation at 115.2 
nm, O(3D2 ~ 2D2). Data analysis used a modified Beer
Lambert law: I tIl ° = exp (- (j(cl V) with Y = 0.41. A value 
of 2.5 was obtained for klk(QID + N2Q). 

(b) Flash photolysis. [.0 1 D] monitored by time re
solved decay of the 0(1 D).~ OCSP) emission at 630 nm. 
A value of 2.0 was obtained for klk(OlD + N2 0). 

(c) By monitoring the production of Nz as a function of 
[CFC13]/[N2 G] a value of 1.5 was obtained forklk (01 D + 
Nz 0). k (01 D + Nz 0) taken to be 1.63 X 10-10 

cm3 molecule-1 S-1 (this evaluation). 
(d) By monitoring ~[CFCI3]1 ~[Nz 0] as a function of 

[CFC13 ]/[NzO] using IR spectroscopy, a value of 2.65 
was obtained for k 1 /k(OlD + NzO). k(OlD + N2 0) Lak~n 
to be 1.63 X 10-10 cm3 molecule- 1 8-1 (this evaluation), 

(e) This value was based on combining the mean of the 
ratios reported for klk(OID + N!;!O) in references [3] and 
[4], with the value of k(OlD + NzO) reported by David
son et al. [7]. klk(OlD + NzO) = 2.07; k(OlD + NzO) 
was erroneously taken to be 1.17 X 10-10 cm3 mole
cule-Is-I rather than 1.10 x 10- 1ocm3 molecule IS \ 

(f) The value reported from the resonance absorption 
study [I] was multiplied by 0.41 (the y-factor). This was 
equivalent to assuming that the correct value of y was 
1.0-based upon the observation that most absolute rate 
constants obtained using the resonance absorption tech
nique are a factor of -2.2 greater than those obtained 
using the 0(1 D)~ 0(3 P) emission technique. 

Preferred Value 

k = 3.5 X 10-10cm3 molecule- 1 S-1 at 298 K. 

Reliability 

~ log k = ± 0.2 at 298 K. 

Comments on Preferred Values 

The preferred value was obtained by taking the mean 
value of klk (0 1 D + Nz 0) and combining it with the pre-

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

ferred value of 1.63 X 10-10 cm3molecule- 1 s-1 for k(01D 
+ NzO) from this evaluation. klk(OlD + NzO) = 2.15. 
The absolute rate coefficient studies [I] and [2] moni
tored the total rate of removal of 0 1 D in the presence of 
an excess concentration of CFC13 • Consequently these 
studies measured kl + kz and could not provide any 
information concerning the relative importance of the 
two channels «(1) and (2». The relative rate coefficient 
study of Jayanty et al. [3] measured (k1 + kz )Ik (01 D + 
Nz 0), whereas the relative rate coefficient study of At
kinson et al. [4] only measured the reactive channel, i.e., 
k1/k (01 D + Nz G). Consequently the values of (kl + 
kz )/k (.01 D + N2 G) reported in references [1-3] should be 
greater than the value of k1/k(Ol D + N2 G) reported 
in reference [4] if the quenching channel (2) is an impor
tant process. Values of 2.5 [1L 2.0 [2] and 1.5 [3] were 
reported for (Je1 + kz )Ik (.01 D + Nz G) in contrast to a 
value of 2.65 [4] for kII k (.01 D + N2 0) . .obviously as this 
data base makes no sense, a value of kllkz cannot be 
deduced. The flash photolysis-plate photometric tech 
nique has been utilized [8] to verify that Cl,o is a primary 
product of the .01 D + CFCla reaction. By monitoring 
Ll[CIG]produced/~[G3]removed a value of 2::0.39 was reported 
for kl/(kl + kz ). This value is a lower limit as ~[CIG] may 
have been underestimated due to removal by any G(3P) 
formed in reaCtion (2). 
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0(1 D) + CCI4·~ CIC + (C13 (1) 

~ O(3P) + CCi4 (2) 

llHO (1) = -161 kJ mol- 1 

b.Ho (2) = -189 kJ mol- 1 

Rate coefficient data (k = k1 + k 2 ) 

Absolute Rate Coefficients 

(8.5 ± 1.1) x 10-10 

(3.1 ± 0.9) x 10-10 

Relative Rate Coefficients 

304 X 10- 10 

;;:::4.9 X 10-10 

Reviews and Evaluations 

3.54 X 10-10 

Comments 

Temp./K 

298 
298 

298 
298 

298 

(a) Flash photolysis. [0 1 D) monitored in absorption by 
time resolved attenuation of resonance radiation at 115.2 
nm~ O(3D2 ~ 2D2)' Data analysis used a modified Beer
Lambert law: Itllo = exp(-(T(cl),,) with y = 0041. A value 
of 3.9 was obtained for klk(OlD + N 2 0). 

(b) Flash photolysis. [O l D] monitored by time re
solved decay of the OeD) -7 Oep) emission at 630 nm. 
A value of 2.8 was obtained for klk (0 1 D + N2 0). 

(c) By monitoring the production of N2 as a function of 
[CCI4 ]/[NzO] a value of2.1 was obtained forklk(OlD + 
NzO). k(OlD + NzO) taken to be 1.63 X 10-10 

cms molecule- J 8- 1 (this evaluation). 
(d) By monitoring A[CCI4 ]! A[N20] as 8. function of 

[CC4]/[N20] using IR spectroscopy a value of~3.0 was 
obtained for k1lk(OlD + N2 0). k(OlD + N2 0) taken to 
be 1.63 X 10-10 em3 molecule- 1 8- 1 (this evaluation). 

(e) This value was based upon multipJying the ratio. 
klk (OJ D + N2 0) l~ep01~ted by Jayanty et a1. [I] by 1.45, 
and combining this with the value of k (0 1 D + N2 0) 
reported by Davidson et al. [6] which was erroneously 
taken to be 1.17 X 10-10 em3 molecule- i s-J rather than 
1.10 X 10-10 em3 molecule- 1 s- 1• 

Preferred Value 

k = 4.8 X 10- 10 em3 molecule- 1 5- 1 at 298 K. 

Reliability 

b. log k = ± 0.2 at 298 K. 

Comments on Preferred F alues 

The preferred value was obtained by combining the 
mean value of klk (0 1 D + Nz 0) reported in references 

Reference 

Fletcher and Husain, 1976 [1] 
Davidson et al.. 1978 [2] 

Jayanty, Simonaitis and Heicklen, 1975 [3} 
Atkin~{jn et at, l~n() l4J 

Wat~on, 1977 [51 

Comments 

(a) 

(b) 

(c) 
(d) 

(e) 

ll-;)j with the preferred value of 1.63 x 10-10 

cm3 moleeule- 1 s-1 for k(OlD + N2 0) from this evalua
tion. klk (0 1 D + Nt 0) = 2.93. The lower limit reported in 
reference [4] was not used in the derivation of the pre
ferred value. The absolute rate coefficient studies [1] and 
[2], monitored the total rate of removal of 0 1 D in the 
presence of an excess concentration of CC~. Conse
quently, these studies measured k j + k'2 and could not 
provide any information concerning the relative impor
tance of the two channels «(1) and (2)). The relative rate 
coefficient study of Jayanty et a1. [3] measured (kl + 
k2 )!k (0 J D + Nz O)~ whereas the relative rate coefficient 
study of Atkinson et al. [4] only measured the reactive 
channel, i.e., kllk (0 1 D + Nz 0). Consequently the values 
of (kl + k2 )flr. (01 D + Nz 0) reported in references [1-3] 
should be greater than the value of kllk (01 D + N2 0) 
reported in reference [4] if the quenching channel (2) is 
an important proce~:5. Unfortunately the value~ reported 

for (k1 + k2 )/k (0 1 D + N2 0) are somewhat scattered, 3.9 
2.8 [2] and 2.1 [3] and only a lower limit of ~3.0 [4] 

has been reported for kllk (01 D + N9 0). Therefore .. from 
this data base it is not possible to determine the relative 
importance of the two channels. 

[1) Fletcher, 1. S., and Husain. D., J. Phys. Chem. 80, 1837 (1976). 
[2} Davidson, J. A .. Schiff, H. L Brown, T. J .. and Howard. C. J., 1. 

Chern. Phys. 69~ 4277 (1978). 
[3} ]ayanty, R. K. M., Simonaitis, R.o and Heicklen, ]., J. Photochem. 

4, 381 11975). 
[4] Atkinson, H., Breuer, G. M .. Pitts, J. j"';. Jr. and Sandoval, H. L, 

J. Geopnys. Res. 81,5765 (1976). 
[5] Watson. R. T., J. PhYR. Chem. Ref. Data 6! 871 (1977). 
[6J Davidson, J. A., Schiff, H. L Streit, G. E., McAfee, J. R .. 

Schmeltekopf. A. L., and Howard, C. J., j. Chem. Phy:;;. 67, 
5021 (1977). 

j, Phys. Chern. Ref. Data, Vol. 9. No.2, 1980 
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CI + H2'~ HCI + H 

Rate coefficient data 

k If'.m3 molp.f'.nlp'- 1 !'I-I Tf'mpJK 

Absolute Rate Coefficients 

1.1 X 10-14 298 
4.1 X 10-15 273 
8.0 x 10-13 523 
(2.0 ± 0.5) x 10-11 exp(-(2164 ± 101)11') 251-456 
(1.35 ± 0.07) x 10-14 297 
(8.0 ± 2.0) x 100 ll exp(-(2655 ± 200)/T) 479-610 
(1.1 ± 0.2) X 10--14 298* 
(1.25 ± 0.1) X 10-14 298 
(5.5 ± 0.5) X 10-11 exp(-(2391 ± 50)11') 213-350 
(1.80 ::!:: 0.2) x 10-14 298 
(2.66 ± 0.42) X 1O-ll exp(-(2230 ± 60)11') 200-500 
(1.70 ± 0.13) X 10-14 301 

Ah!'loll1tp Ratf' t.oefficients nerived 

from Reverse Reaction 

5.90 X 10-12 1071 
4.57 X 10-12 1031 
4.07 X 10-12 960 
3.27 X 10-12 901 
3.2 X 10-11 exp(-(2099 ± 98)11') 195-373 
2.12 X 10-14 294 
7.2 ')( 10-11 exp(-(228S ± 48}IT) 195-497 
3.75 X 10-14 297 
-1.7 X 10-14 295 
(1.55 ± 0.04) X 1O-~1 exp(-(2123 ± 100)11') 298-521 
1.25 X 10-14 ?9R 

Relative Rate Coefficients 

See C1 + C~ data sheets. 

Reviews and Evaluations 

1.38 X 10-10 exp(-27501T) 273-1071 
3.7 X 1O-1l exp(-2146IT) 195-610 
5.6 X 10-11 exp(-22541T) 195-496 
3.5 X 10-11 exp(-22901T) 200-300 
3.5 X 10-11 exp(-2290IT) 200-300 

Comments 

(a) See the review of Watson, 1977 r 14] for detailed 
comments. 

(b) Data not used to determine the preferred value. 
(c) Discharge flow: ESR detection of atomic species. 
(d) Static cell: thermal decomposition of leI as a 

source of atomic chlorine in the presence of H2 . 
(e) Flash photolysis: resonance fluorescence detec

tion of Cl. 
(f) Discharge flow: chemiluminescence detection of 

atomic species. 
(g) Although the value of k at 298 K is in excellent 

agreement with that reported in reference [5], it could be 
significantly underestimated due to the regeneration of 
CI via the rapid H + Cl2 reaction. This hypothesis would 
explain why their value is lower than the preferred one of 
Watson et aI., 1975 at 298 K. Therefore, although the 
Arrhenius expression obtained in this study is in good 

J. PhY$. Chern. Kef. Data, Vol. 9. No.2, 1980 

Rf'fpTPnf'.e Comments 

Rodebush and Klingelhoefer, 1933[1] (a,b) 

Ashmore and Chanmugan, 1953 [2] (a,b) 
Westenberg and de Haas, 1968 [3] (a,c,g) 

Benson, Cruickshank and Shaw, 1969 [4] (a,d,h) 

Davis, Bass and Braun, 1970 IS] (a,e,i) 
Watson et al., 1975 [6] (a,e) 

Lee et al., 1978 [7] (a,e) 

Steiner and Rideal, 1939 [8] (a,j,k) 

Clyne and Stedman, 1966 [9] (a,g,k,l,m) 

Westen berg and de HaaG, 1968 [3) (a,c,k,l) 

Spencer and Glass, 1975 [10] (a,c,k,n) 
Ambidge, Bradley, and Whytock, 1976 [11] (a,e,k,o) 

F ettis and Knox, 1964 [12] (a,p) 
Clyne and Walker, 1973 [13] (a,q) 
Clyne and Walker, 1973 [13] (a,r) 
Watson, 1977 [14] (a,s) 
NASA, 1977 [15] (a,s) 

agreement with that reported by Whytock et al., this 
could still, be fortuitous as it is in disagreement with the 
results pf Watson et al., and Benson et al. 

(h) A rather limited temperature range was used in 
this study to determine the Arrhenius parameters of this 
reaction. Consequently, it is quite likely that these 
parameters are rather inaccurate even thuugh the iudi

vidual data points are reliable. Therefore, extrapolation 
of their expression outside the temperature range of their 
study is not advisable. 

(i) The value reported may have been overestimated 
by -1090 (it was assumed that I Fo::[CI]o.9 rather than 
I Fo::[Cl)), and a revised value has been entered in these 
tables. 

G) These results should have low weighting due to the 
uncertainty regarding the effect of the presence of 
molecular O2 [16]. 

(k) Calculated by using the reported values of k in 
conjunction with the thermodynamic values of Keq. 
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(1.) These results are at variance with the direct deter
mination of k. Experimental data obtained in reference 
(10] strongly indicated that the values reported for k (H + 
HCI) are overestimated ~ue to a secondary removal pro
cess for atomic hydrogen. 

(m) The values reported for k predict that the activa
tion energy increases with temperature. This was not 
observed over the same temperature range in references 
[3,11]. The data can be approximated by the Arrhenius 
expre~~ion ~hown. 

(n) The stoichiometry of the reaction, ([Cl]formed! 
[H]reacted) and the rate of removal of atomic hydrogen 
were dependent upon the treatment of the reactor sur
faces. It was concluded that the results reported in refer
ences [3] and [9] for k (H + Hel) are too high due to 
secondary removal of H atoms via the following mech-

w~l1 

anism: H + HCI.-7 Hz + C1; CI + HeI ~ HCI2 ; H + 
HC12.~ 2 Hel: By extrapolating the stoichiometry to 
unity (at which point secondary reactions should be 
negligible), a value of -4.3 x 10-14 cm3 molecule- 1 S-l 

was obtained for k (H + HeI). However, a more accurate 
extrapolation would yield a value of -5.1 x 10-14 

cm3 molecule- 1 8-1 for k (H + HeD-the value of k en
tered in the table was based on the re-evaluated value for 
k(H + HeI). 

(0) The stoichiometry of the reaction, n, was deduced 
to have a value of exactly 2 at high [HCI]o/[H]o ratios. 
However, this conclusion may not be completely correct, 
nor might the postulated mechanism. 

(p) A review of refen':nces [1,2,RJ. Their intprprptR

tion of the published data is shown in the tabie. 
(q) This rate constant expression includes data from 

references [9,3(k (H + Hel»), 4 and 5], but rejects the 
determination of k from reference [3]. 

(r) This rate constant expression is based on data 
from references [9,3(k (H + HCl)), and 5]. 

(s) This value is hased on the results obtained below 

300 K in the recent studies reported by Watson et aI., [6J 
and Whytock et al. [7]. However, if the data of Benson et 
al. [4] and Westenberg and de Haas [3J are included with 
all the data from references [6J and [7], the overall ex
pression is almost identicaL 

Preferred Value 

k = LS 'X" 10-14: em.s moleeule- 1 s-l at 29g K. 
k = 4.7 X 10- 11 exp(-2340IT) cm!imolecule-l S-l over 

range 210-:-1070 K. 

Reliability 

D. log k = ± 0.2 at 298 K. 
11 (E/R) = ± 200 K. 

Comments on Preferred "Values 

This Arrhenius expression for k was obtained by com
bining the results of Watson et a1. [6L Benson et a1. [4], 
and Steiner and Rideal [8] (as modified by Benson). This 
expression is almost identical to the expression obtained 
from the results of Watson et a1. [61 alone. Although the 
results of Watson et al. [6} and Whytock et al. [7] agree 
below 300 K, the data at and above 300 K are in poor 
agreement. \Vhytoek et al. argue that their results arc 

correct due to their agreement with Westenberg and de 
Haas [3]~ and with the H + Hel study of Ambidge et al. 
[ll]. However, the values of k at 298 K reported in these 
three studies are not in particularly good agreement, the 
data of W' estenberg and de Haas is not beyond question, 
and all of the H + Hel studies appear to be subject to 
surface prublem~ in lhe flow reactor~, lllU~ re~lr.i.clill.g 

the precision and accuracy of the results (to date the H 
+ Hel reaction has not been studied in a flash photolysis: 
resonance fluorescence system where heterogeneous 
processes are minimized). Also~ the following reasons 
suggest that the results of Watson et aL are correct, (a) 
good agreement with Benson et al. at ~600 K, (b) agree
ment with the corrected values of Steiner and Rideal at 
--1000 K~ (c) better agreement for k(CI + C~) when 
these results are combined with the competitive chlori
nation results for klk (Cl + CH~). 

Reference! 

[Ij H.odebush, W. H., and Klingelhoefer, W. c., Jr., J. Am. Chern. 
Soc. 55~ 130 (1933). 

(2} Ashmore, P. G., and Chanmugam, J., Trans. Faraday Soc. 49, 
254 (1953). 

[3} Westenberg, A. A., and de Haas, N., J. Chern. Phys. 48~ 4405 
(1968). 

[4} Benson, S. W., Cruickshank, F. H., and Shaw, R., Int. J. Chem. 
Kinet. 1,29 (1969). 

[5] Dayie, D. D., Braun, YJ., and Ba.::;::;, A., Int. J. Chenl. Kinet. ~,101 
(1970). 

[6} Watson, R. T., Machado, E. S., Schiff, R. L., Fischer, 5., and 
Davis, D. D., Proceedings of the 4th ClAP Conference. DOT
TSC-05T-75-38, Cambridge, MA, February 1975; also manu
script in preparation. 

17] Lee, J. R., Michael. .T. V .. Payne, W. A., Stief, L. J., and Why
tock, D. A., J. Chern. Soc. Faraday Trans. 1. 73.,1530 (1977). 

[8] Steiner, R., and RideaL E. K., PrO(;. R. Soc. London, Ser. A. 
173,503 (1939). 

[9] Clyne, M.. A. A., and Stedman, D. E., Trans. Faraday Soc. 62! 
2164 (1966). 

nO] Spencer, J. E., and Glass. G. P .. J. Phys. Chern. 79.2329 (1975). 
[Ill Ambidge, P. F., Bradley, 1. T'L and Whytock, D. A., J. Chern. 

Soc. Faraday Trans. 1. 72~ 2143 (976). 
[12] Fettrs. G. C., and Knox, J. E., "Progress in Reaction Kinetics." 

2, 1 (1964). 
[I3j Clyne, 111:. A. A., and Walker. R. F., J. Chern. Soc. Faraday 'Trans. 

1. 69~ 1547 (1973). 

[14.] Watsop., R. T., J. P!1~T". Chem. Ref. Data o! 871 \1977}. 
[15] NASA Ref. Pub. =F10lO, "Chlorof1uoromethanes and the Strat(l

sphere," Chapter 1. R. D. Hudson. eaitor (1977,. 
[16] Boato, G., CarerL G., Cimi:"t'J, A .. Molinari, E., and Volpi, G. G .. 

]. Chem. Phys. 24.,783 (1956). 
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CI + H02 ·-+ HCI + O2 (1) 

.-+ CIO + HO (2) 

AHO (1) = -216 kJ mol- l 

AHo (2) = + 18 kJ mol- l 

Rate coefficient data (k = kl + k2 ) 

k Icm3 molecule-1 S-1 Temp.IK 

Relative Rate Coefficients 

(2.L1.3 +3.2) X 10-11 295 
(2.5 ± I.O) x 10-11 306 
(7.3 ± I.9) x 10-"-11 298 
(4.5 ± 0.5) x 10-11 293 

Reviews and Evaluations 

3 x 10-11 298 
3 x 10-11 298 

Comments 

(a) Discharge flow: mass spectrometric detection of 
H02 and H2 0 2 • k determined relative to k(CI + H2 0 2 ). 

Absolute H02 concentrations are required-obtained by 
estimating the relative mass-spectrometric sensitivities 
of H02 and H2 0 2 • 

(b) klk(CI + H2 0 2 ) = 48; k(CI + H2 0 2 ) taken to be 4.3 
X 10-13 cm3 molecule- l S-I. S [H02 +]/S[H2 O2 +] = 0.72 at 
15 electron volts, where S = mass spectrometric calibra
tion factor. 

(c) Stopped-flow uv absorption system. Rate of H2 0 2 

formation moni'tored as a function of [H2 ] in a C12 /02 /H2 

mixture. Value of k sensitive to values of k(Cl + H2 ), 

k(H02 + H02 ), andk(Cl + ClOO). 
(d) klk(Cl + H2 0 2) = 170 ± 45;k(Cl + H2 0 2 ) taken to 

be 4.3 x 10-13 cm3 molecule-1 s-1 • S[H02+] assumed to 
be cqual to S [H2 O2 +], where S == mass spectrometric 
sensitivity. 

(e) Discharge flow: laser magnetic resonance detec
tion of H02-calibrated on absolute basis.k determined 
relative to k(Cl +H2 0 2 ). klk(Cl + H2 0 2 ) = 104 ± 12; 
k(CI + H2 O2) taken to be 4.3 X 10-13 cm3 molecule-1 S-I. 

An upper limit of 4.4 X 10-13 cm3 molecule-1 S-1 was 
determined for k2 by observing the direct production of 
HO. 

(f) Based on the data of Leu and DeMore [1]. 

Preferred Value 

kl = 4.1 X 10-11 cm3 molecule-1 s-1 at 298 K. 
k2 <4.1 X 10-13 cm3 molecule-1 S-1 at 298 K. 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

Reference Comments 

Leu and DeMore, 1976 [1] (a,b) 
Cox and Derwent, 1977 [2] (c) 
Poolet, Le Bras and Combourieu, 1978 [3] (a,d) 
Burrows et aI., 1978 [4] (e) 

Watson, 1977 [5] (f) 
NASA, 1977 [6] (f) 

Reliability 

A log k = ± 0.3 at 298 K. 

Comments on Pre/erred Values 

The values of klk (Cl + H2 O2 ) reported in references 
[1], [3] and [4] are in poor agreement. The discrepancy 
between the two mass-spectrometric results may be at
tributed to inaccurate estimations of the mass
spectrometric sensitivity for H02 • The preferred value 
was obtained by averaging these three values with the 
value reported in reference L2J. 

Based upon the data reported in reference [4] an upper 
limit of 4.1 X 10-13 has been placed on k2 (1% total rate 
constant). 

References 

[1] Leu, M. T., and DeMore, W. B., Chern. Phys. Lett. 41,121 (1976). 
[2] Cox, R. A .• and Derwent, R. G., 1. Chern. Soc. Faraday Trans. I. 

73,272 (1977). 
[3] Poulet, G., Le Bras, G., and Combourieu, J., Proceedings of the 

WMO Symposium, WMO-:#:51l, page 289, Toronto (l978)~ 
[4] Burrows, J. P., Cliff, D. 1., Hams,G. W., Thrush, B. A., and 

Wilkinson, J. P. T., results presented at the WMO Symposium, 

Toronto (1978). 
[5] Watson, R. T., J. Chern. Phys. Ref. Data 6,871 (1977). 
[6) NASA Ref. Pub. :#: 1010, "Chlorofluoromethanes and the Strato

sphere." Chapter 1. R. D. Hudson. editor (1977). 
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CI + H202~ HCI + H02 (1) 

~ HOCI + HO (2) 

~ CIO + H2 0 (3) 

AHO (1) = -75 kJ mol-1 

AHo (2) = -24 kJ mol-1 

AHo (3) = -124.5 kJ mol-1 

Rate coefficient data (k = k1 + k2 + ka) 

k Icm3 molecule- 1 S-1 Temp.1K 

Absolute Rate Coefficients 
(5.2_2 .6+5.2) X 10-13 298 
(6.2 ± 1.5) X 10-13 295 
(1.24 ± 0.74) X 10-12 exp(-(384 ± 168)fT) 265-400 
(3.64 ± 0.52) X 10-13 299 
(4.0 ± 0.4) X 10-13 298 
(1.05 ± 0.31) X 10-11 exp(-(982 ± 102)IT) 298-424 
(4.14 ± 0.2) X 10-13 298 

Relative Rate ,Coefficients 
(3.4 z 0.8) x 10 19 298 

Reviews and Evaluations 
1. 7 X 10-12 exp ( - 384fT) 265-400 
1. 7 X 10-12 exp (-384fT) 265-400 

Comments 

(a) Flash photolysis: resonance fluorescence detection 
of Cl. The factor of 2 uncertainty in the reported rate 
constant was due to heterogeneous decomposition of 
H2 O2 on the reactor surfaces which limited the precision 
of H2 O2 concentration measurements. The value entered 
in the data sheet is different from that reported in the 
original paper which was in error as pointed out by 
Michael et al. [3]. 

(b) Discharge flow: mass spectrometric detection of 
H2 O2, An advantage of this technique is that accurate 
values of [H2 O2] are not required. 

(c) Flash photolysis: resonance fluorescence detection 
of Cl. A flowing reactor cell was used to minimize hetero
geneous decomposition of H~ O~. However, two expres 

sions were reported for k between 265 and 400 K due to 
some uncertainty as to whether H2 O2 decomposed within 
the reaction or not. The A -factor is significantly lower 
than expected on theoretical grounds. 

(d) Discharge flow: resonance fluorescence detection 
of atomic chlorine. H2 O2 concentrations were measured 
both before and after the reaction zone with no evidence 
for heterogeneous decomposition. 

(e) Discharge flow: mass spectrometric detection of 
H20 2 and CH4 • klk(CI + CH4 ) = 3.25 ± 0.8. k(CI + CH4 ) 

taken to be 1.04 X 10-13 cm3 molecule-1 S-1 • 

(f) This expression is based on the activation energy 
reported by Michael et al. (l977)" and anA-factor that has 
been modified to yield the mean of the values reported 

Reference Comments 

Watson et aI., 1976 [1] (a) 
Leu and DeMore, 1976 [2] (b) 
Michael et aI., 1977 [3] (c) 

Poulet, Le Bras and Combourieu, 1978 [4] (b) 
Keyser, 1979 [5] (d) 

Puult:L, Lt: Bntl> cUHl CumLuulit:u, 1978 [4] (t::) 

Watson, 1977 [6] (f) 
NASA, 1977 [7] (f) 

for k at 298 K by Michael et al. (1977) and Leu and 
DeMore (1976). This value is in good agreement with that 
reported by Watson et al. (1976). 

Preferred Value 

k = 4.3 X 10-13 cm3 molecule- 1 S-l at 298 K. 
k = 1.1 X 10-11 exp(-980IT)cm3 molecule-1 s-1 over 

range 265-424 K. 

Reliability 

A log k = ± 0.2 at 298 K. 
A (EIR) = ± 500 K. 

Comments on Preferred Values 

The preferred value at 298 K was obtained by taking a 
weighted (by precision) mean of all reported values~ The 
preferred value for the Arrhenius expression is taken to 
be that reported by Keyser [5]. TheA-factor reported by 
Michael et al. [3] is considerably lower than that ex
pected from theoretical consideration, and may be attrib
uted to decomposition of H2 O2 at temperatures above 
300 K. The data reported in references [3] and [5] are in 
excellent agreement at, and below 300 K. More data is 
required before the Arrhenius parameters can be consid
ered to be well established. At present there are no ex
perimental data quantitatively indicating the relative im-

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 
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portance of the three routes, although several studies 
have shown that reaction (1) is a major channel [2,4,8]. 

References 

[1] Watson, R. T., Machado, G., Fischer, S., and Davis, D. D., J. 
Chern. Phys. 65,2126 (1976) 

[2] Leu, M. T., and DeMore, W. B., Chern. Phys. Lett. 41,121 (1976). 
[3] Michael, J. V., Whytock, D. A., Lee, J. H., Payne, W. A., and 

Stief, L. J., J. Chern. Phys. 67,3533 (1977). 

aHO = -161.6 kJ mol-1 

[4] Poulet, G., Le Bras, G., and Combourieu, J., J. Chern. Phys. 69, 
767 (1978). 

[5] Keyser, L., Manuscript in preparation, Jet Propulsion Laboratory, 
Pasadena, CA (1979). 

[6] Watson, R. T., J. Phys. Chern. Ref. Data 6,871 (1977). 
[7] NASA Ref. Pub. '* 1010, "Chlorofluoromethanes and the Strato

sphere", Chapter 1, R. D. Hudson, editor (1977). 
[8] Burrows, J. P., Cliff, D. I., Harris, G. W., Thrush, B. A., and 

Wilkinson, J. P. T., presented at WMO Symposium," Toronto, 
June (1978). See Cl + H02 reaction. 

Rate coefficient data 

k fcm3 molecule- 1 S-1 Temp./K 

A h!'101Iltf'! Hatf'! f:of'!ffidf'!nt!'1 

>6.7 X 10-13 300 
(1.85 ± 0.36) X 10-11 298 
(3.08 ± 0.30) X 10-11 exp(-(290 ± 25)ff) 220-350 
(] .20 ± 0.]0) X 10-11 29R 
(2.17 ± 0.43) X 10-11 exp(-(l70 ± 30)ff) 205-366 
(1.23 ± 0.25) X 10-11 295 
(2.72 ± 0.45) X 10-11 exp(-(298,± 39)ff) 213-298 
(1.02 ± 0.15) X 10-11 298 
(5.18 ± 0.5) X 10-11 exp(-(418 ± 28)11') 221-629 
(1.33 ± 0.26) X 10-11 298 
(1.3 ± 0.3) xlO- il 295 

Reviews and Evaluations 

2.7 X 10-11 exp(-257ff) 205-298 
3.34 X 10-11 exp(-31Off) 205-464 
2.7 xlO- il exp(-257IT) 205-298 

Comments 

(a), Discharge flow: mass spectrometric detection of 
0 3 , 

(b) Flash photolysis: resonance fluorescence detection 
of Cl. 

(c) Discharge flow: resonance fluorescence detection 
of Cl. 

(d) The A factors shown above are --8% lower than 
those reported in the original papers due toa revision in 
the value used for the ozone absorption cross section. 

(e) This evaluation was based on data obtained from 
Wat.son P.t at (1976), Zahniser et al. (l976)~ Kurylo and 
Braun (1976), and Clyne and Nip (1976). 

Preferred Value 

k = 1.2 X 10-11 cms molecule- 1 S-l at 298 K. 
k = 2.7 X 10-11 exp(-257IT) cm3 molecule- 1 s-1 over 

"range 205-298 K. 

Reliability 

fllog k = ± 0.06 at 298 K. 
a (EIR) = ± 100 K. 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

Reference Comments 

Clyne and Coxon, 1968 [1] 
Clyne and Watson, 1974 [2] (a) 
Watson, et al., 1976 [3J (b) 

Zahniser, Kaufman and Anderson, 1976 [4] (c,d) 

Kurylo and Braun, 1976 [5] (b,d) 

Clyne and Nip, 1976 [6] (c) 

Leu and DeMore, 1976 [7] (a) 

Watson, 1977 [8] (e) 

NASA, 1977 [9] (e) 

Comments on Preferred Values 

The results reported for kat 298 K in references [3-6] 
are in good agreement, and have been used to determine 
the preferred value at this temperature. The values re
ported in references [7] (owing to the wide error limits) 
and [2] (the value is inexplicably high) are not consid
ered. The four Arrhenius expressions are in fair agree
ment within the temperature range 205-300 K. In this 
temperature range, the rate constants at any particular 
temperature agree to within (30-40%). Although the 
values of the activation energy obtained by Watson et aI., 
and Kurylo and Braun are in excellent agreement, the 

" value of k in the study of Kurylo and Braun is consistently 
( ~ 17%) lower than that of Watson et al. This may suggest 
a systematic underestimate of the rate constant, as" the 
value of the other four studies agree so well at 298 K. A 
more disturbing difference is the scatter in the values 
reported for EIR (170-418 K). However, there is no rea
son to prefer anyone set of data to any other, therefore 
the preferred Arrhenius expression shown above was ob
tained by computing the mean of the four results between 
205 and 298 K. Inclusion of higher temperature (=:;466 K) 
experimental data would yield the following Arrhenius 
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expression: k 
cule-1 S-I. 

3.34 X 10-11 exp(-310IT) cm3 mole-
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llHO = +6.7 kJ mol-1 

Rate coefficient data 

k Icm3 molecule-I S-I Temp.1K Reference Comments 

Absolute Rate Coefficients 

(1.35 ± 0.1) X 10-13 298 Davis, Braun and Bass, 1970 [1] (a,b,c) 
5.1 x 10-11 exp(-(1790 ± 37)fJ') 300-686 Clyne and Walker, 1973 [2] (d) 
(1.31 ± 0.1) X 10-13 300 
(1.84 ± 0.14) x 10-11 exp(-(1409 ± 10l)ff) 295-490 Poulet, Le Bras and Combourieu, 1974 [3] (d,e) 
(1.36 ± 0.1) X 10- 13 2Q5 
(1.20 ± 0.3) X 10-13 295 Leu and DeMore, 1976 [4] (d) 
(7.94·± 0.7) x 10-12 exp(-(1260 ± 35)fJ') 218-401 Watson et al., 1976 [5] (a,b) 
(1.13 ± 0.1) X 10-13 298 
(6.51± 0.79) X 10-12 exp{-;{l229 ± 27)f1') 200-299 Whytock et aI., 1977 [6] (a,b,t) 
(1.13 ± 0.07) X lO-13 299 
(1.84 ± 0.28) X 1O-1l exp(-(l545 ± 52)r}:) 299-500 
(1.08 ± 0.07) X 10-13 298 Michael and Lee, 1977 [7] (b,g) 
(7.93 ± 1.53) X 10-12 exp(-(l272 ± 51)ff) 218-322 Manning and Kurylo. 1977 [8] (a,b) 
(1.04 ± 0.1) X 10-13 296 
(8.2 ::!: 0.6) x 10 18 exp(-(1320 ::!: 20)ff) 200-300 Zahniser, Berquist and Kaufman, 1978 [9] (h,f,g) 
(0.99 ± 0.15) X 10-13 298 
2.25 X 10-lJ exp(-1623ff) 300-500 
(1.26 ± 0.13) x 10- 13 298 Poule!, Le Bras and Combourieu, 1978 [10] (d) 
(1.06 ± 0.7) x 10-11 exp(-(H15 ± 200)n') 268 42S Lin, Leu and DeMore, 1978 [11] (d) 

(0.96 ± 0.09) X 10-13 296 
(7.4 ± 2.0) X 10-12 exp(-(l291 ± 68)fJ') 220-298 Keyser, 1978 [12] (h,f,g) 
(1.01 ± 0.02) X 10-13 298 
(1.65 ± 0.32) x 10-11 exp(-(1530 ± 68)fl') 298-423 

Relative Rate Coefficients 

(a) Relative to Cl + 8 2 : 

1.50 X 10-11 exp{-1510ff) 293-484 P~tchard, Pyke and Trotman-Dickenson, (h,j) 
1954 [13] 

0.95 X 10-13 298 
1.41 X 10-11 exp{-1510fJ') 193-593 Knox and Nelson, 1959 [14] (i,j) 
0.89 x 10-13 298 

(b) Relative to Cl + C2 Hs: 

1.77 X 1O-11 exp(-(1504 ± 23)11') 232-633 Knox, 1955 [15] (k,n) 
1.13 X 10-13 298 
1.62 X 10-11 exp(-(l524 ± 186)ff) 349-563 Pritchard, Pyke and Trotman-Dickenson, (1,n) 

1955 [16] 
0.97 x 10-13 298 
(3.1 ± 0.6) X 10-14 243 Lee and Rowland, 1977 [17] (m) 
(1.6 ± 0.2) x 10-13 298 
(4.0 ± 0.5) X 10-13 361 
(LR!) ± 0.1&) x lO-ll f"Yp(-(1528 + 21)JT) 220-296 Lin, Leu and DeMore, 1978 [11] (n,o) 
(1.09 ± 0.05) X 10-13 296 

(c) Relative to Cl + CHaC!: 

1.53 x lO- ll exp(-(l503 ± 75)fJ') 298-484 Pritchard, Pyke and Trotman-Dickenson, (p) 
1955 [16] 

0.99 X 10-13 298 

Reviews and Evaluations 

7.29 X 10-12 exp(-12601T) 200-299 Watson, 1977 [18] (q) 
7.3 X 10-12 exp ( - 1260fJ') 200-299 NASA, 1977 [19] (q) 
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Comments. 

(a) Flash photolysis: resonance fluorescence detec
tion of CL 

(b) It is essential to use methane which is not contami
nated with the higher alkanes (i.e., C2 Ife and CsHs), 
even in. the part per million (ppm) range owing to their 
enhanced reactivity toward atomic chlorine: k!(Cl + 
CZH6) -2 x 10-3 at 298 K. Each of the studies [5-9~ 121~ 
except [lis reported the impurity levels to be low in the 
methane used in their studies (C2 lis s20-30 ppm, and 
CgHs non detectable). 

(c) The value reported in the paper was probably 
overestimated by 10% by taking the relationship between 
I f and [Cn to be: If 01: rCI]°'s (based on theoretical consid
erations, not experimental). If I f 01: [CI], as found in other 
studies (for [C1] sl(}12 cm-3)~ then the value calculated 
for k would be 1.35 X 10-18 cm8 molecule-1 g-l (corrected 
value entered in the table). In addition, the methane used 
in this study was reported to contain -100 ppm of C2H6~ 
resulting in a further overestimate of k by ~5% (as the 
accuracy of the analysis is uncertain it is not possible to 
correct the data adequately). 

(d) Discharge flow: mass spectrometric detection of 
CH4 in excess of Cl. Consequently, the purity of CH4 is 
not particularly critical. The accuracy of the results may 
be limited if y(CI)~ the heterogeneous waH removal 
coefficient of atomic chlorine varies upon addition of 
CH.; to the flow system-this effect was reported in refer
ence [2]. 

(e) Limited data vihich appear to be of low precision. 
(f) In each of these studies non-linear Arrhenius 

behavior was ohserved. 
(g) Discharge flow: resonance fluorescence detection 

ofC!. 
(h) Competitive chlorination~ reagent consumption. 

klk(Cl + exp(+(830 ± 75)1T); k(Cl + 
4.7 x 10-11 exp(-2340IT) cm;)molec:ule- 1 s-1 • 

(i) Competitive chlorination, product analysis. 
+ H2 ) =0.30 ± 30)/T); k(Cl + H:J == 4.7 X 

10- 11 exp(-2340IT) cmsmolecule-1s-1 • 

(j) Combining the average value of klk (C} + H2 ) = 
(0.31 exp (+ 830IT)) with a measured range of values for 
k (C1 + Hz) a set of absolute rate expressions for k. 

The competitive chlorination studies were performed 
over a wide temperature range (193-593 K) and the dif
ference in the activation was reported to remain 
constant (Whytock et a1. [22] measured k(Cl + from 
200-500 K and reponed linear Arrhenius hehavior). Con:--
sequently a linear Arrhenius expression for 
k (Cl + the competitive chlorination results 

(a) 5.5 X IOn 
(b) 4.7 X 10· II eAp! u·2:3t.JAJlT} 
(c) 3.5 lOll ~~xp«~Z9()!T) 

(d) 2.66 )< :10' II ,'xpl····22;)O!T) 
(e) 2.0 10" exp,'-2104IT) 

Reference 

[21] 
[22] 

(23) 
(24J 

yields a linear Arrhenius expression for k between 193 
and 593 K. This result conflicts with the findings of the 
directstudies of CI + CH4 [6,7~12] which reported non
linear Arrhenius behavior over the same temperature 
range. The preferred valuefor k(Cl + H2 ) is shown as 
entry (b) above-see the Cl + H2 data sheet. 

(k) Competitive chlorination, product analysis. klk (C1 
+ C2 H6 ) = 0.23 exp(-{1414 ± 186)/T}; k(CI + C2 Hs) = 
7.7 x 10-11 exp(-90IT) em3 molecu!e-1 s-1 • The expres
sion shown has been modified by Lin et aL [11] from that 
shown in the original publication. 
m Competitive chlorination, reagent consumption. 

klk(Cl + C2 Hs) = 0.21 exp( -(1434 ± 186)/T); k(Cl + 
C2 H6 ) = 7.7 x 10- 11 exp(-90IT) cm3 molecule- 1 s-1 • 

(m) Competitive chlorination, product analysis. kllc(Cl 
+ C2 Hs) = (5.88 ± 1.05) x lO-4 at 24.3 K, (2.78 ± 0.31) 
X 10-.3 at 298 K~ and (6.67 ± 0.89) x 10-3 at 361 K. k(C1 
+ CZH6) = 7.7 x 10-11 exp(-90IT) cm3 molecule-1 ,s-1. 

(n) These three expressions forklk(Cl + C2 Hs} can be 
seen to be in excellent agreement. A mean value of 0.23 
exp(-1429!T) can be derived for Ie/k(el + C2 Hu). Com
bining this value of klk(Cl + C2 Hd with the prefen-ed 
value for k(CI + C2H s) (7.7 X 10- 11 exp( -90IT) 
cm:3molecule-1 s'- 1) yields: k 1.77 x 10- 11 

exp (-1519IT) ems molecule- 1 S-1. The competitive chlor
ination studies were performed between 220 and 633 K~ 
and within this temperature range the activation energy 
difference was reported to be constant. This, combined 
with the knowledge that the Cl + C2 H6 reaction exhibits 
linear Arrhenius behavior between 220 and 604 K, means 
that these competitive chlorination experiments predict 
linear Arrhenius behavior for C1 + elL between 220 and 
600 K, which contradicts the findings of the direct stud
ies [6,7,12}. 

(0) Competitive chlorination, product analysis. klk (Cl 
+ = (0.24 ± 0.2) exp( -(1438 ± 21)1T); k/k(Cl + 
C2Hs) at 296 K = (l.89 ± 0.08) x 10-3 ; k(CI + C2 Hs) = 
1.7 X lo-n f':xp(-90IT) cm3 molecule- 1 s-1 • 

(p) Competitive chlorination~ reagent consumption. 
klk(C] + CHsCl) = 0.45 exp(-(247 ± 75)1T); k(Cl + 
CHaC}) = 3.4 x 10-11 exp(-1256!T) cm3 molecule- 1 g- 1 • 

(q) This value was based on the results of the four 
direct studies which measured k at stratospheric temper
atures [5-7~9]. It did not consider the 
finw ~ m.a~:;: ~pp.etr()mp.tri(~ TPFmlts:: that de:tf>rminpt1 k ai 
and above 300 K or any of the competitive chlorina
tion results. 

Pl!'ef~!fr~d 'V~lut,.:f 

k = 1.04 X 10-13 emS molecule- 1 8.-1 at 298 l(, 
k = 9.9 X 10-1~ exp(-1360IT) cm3 molecule- i 8- 1 over 

range 200-300 l(, 

1,45 X lO-ull exp{ -1510!T) 
1.09 >< 1O'·· u exp(-1460!T) 
8.25 X 10-12 exp{-1400/T) 
6.2 A 10 Hl exp(-13S4.tT) 

0.95 X 10-]'; 
0.91 X lO-l~l 
0.81 X 1O-!~ 

0.75 X 1O···'~ 
0.71 X W··l? 
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Reliability 

.6 log k = ± 0.06 at 298 K. 

.6 (EIR) = ± 150 K. 

Comments on Preferred Values 

The values reported from the absolute rate coefficient 
studies for k at 298 K range from 0.99 to 1.48 x 10-13 

r.m3moler.nle-l~-1 with a mean value of LHl X 10-13 

cm3 molecule-1 S-I. However, based upon the stated con
fidence limits reported in each study, the range of values 
far exceeds that to be expected. A preferred average 
value of 1.05 x 10-13 cm3molecule- l S-1 can be deter
mined from the absolute rate coefficient studies for k at 
298 K by giving equal weighting to the values reported in 
re.ferences [5-9,11,12]_ The values derived for kat 298 K 

from the competitive chlorination studies [Il,12-16] 
range from 0.95-1.13 X 10-13 cm3molecule- l S-I, with an 
average value of 1.02 X 10-13 cm3 molecule-1 S-1 . The 
preferred value was obtained by taking a mean value 
from the most reliable absolute and relative rate coeffi
cient studies. 

There have heen eight ah~oll1tesh1llie~ of the activa
tion energy. In general the agreement between most of 
these studies can be considered to be quite good. 
However, for a meaningful analysis of the reported 
values it is best to discuss them in terms of two distinct 
temperature regions, (a) below 300 K, and (b) above 300 
K. Three studies have been performed between -200 
and 500 K [6.9.12] and in each case a strong non-linear 
Arrhenius behavior was observed. This behavior tends to 
partially explain the large variance in the values of EIR 
reported between those other investigators who studied 
this reaction primarily below 300 K [5,8] and those who 
studied it primarily above 300 K [2,3,Il]. The agreement 
below 300 K is very good, with values of (a) EIR ranging 
from 1229-1320 K. and· (b) k at 230 K ranging from 
(2.64-3.32) x 10-14 cm3molecule- l S-I. The mean of the 
two discharge flow [9,12] results is 2.67 X 10-14 

cm3molecule- l 8-1, whilst the mean of the three flash 
photolysis [5,6,8] results is 3.19 x 10-14 cm3 mole
cule-I S-I. There have not been any absolute studies at 
stratospheric temperatures other than those which uti
lized the resonance fluorescence technique. Above 300 K 
the three resonance fluorescence studies [6,9,12] re
ported (a) '"averaged" values of EIR ranging from 
1530-1623 K, and (b) values for k at 500 K ranging from 
(7.74-8.76) x 10 13 cm3 molecule- 1 s 1. Three mass 
spectrometric studies [2,3, II] have been performed 
above 300 K with E IR values ranging from 1409-1790 K. 
The data of Poulet et a1. [3] is sparse and scattered, that 
of Clyne and Walker [2] shows too strong of a tempera
ture dependence (compared to all other absolute and 
competitive studies) and kat 298 K is -20% higher than 
the preferred value at 298 K, whilst that of Lin et a1. [11] 

is in fair agreement with the resonance fluorescence re
sults. In conclusion, it should be stated that the best 
value of k from the absolute studies, both above and 
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below 300 K, is obtained from the resonance fluores
cence studies. 

As stated in the earlier notes (j,n), the competitive 
chlorination results differ from· those obtained from the 
absolute studies in that linear Arrhenius behavior is ob
served. This difference is the major discrepancy between 
the two types of experiments. The values of EIR range 
from 1503 to 1530 K, and k at 230 K from (2.11-2.54) x 
10-14 cm3 molecule- l S-1 with a mean value of 2.27 x 
10-14 em3 moleeule-1 So-I _ The preferred value is an ex

pression. which attempts to best fit the results obtained 
between 200 and 300 K from all sources. The average 
value of kat 298 K is 1.04 X 10-13 cm3 molecule-1 S-I, and 
at 230 K is 2.70 X 10-14 cm3 molecule-1 S-1 (these aver
ages include results from the three competitive chlorina
tion systems). The preferred Arrhenius expression es
sentially yields values similar to those obtained in the 
discharge flow: resonance fluorescence studies. 
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CI + C2 H6 ~ HCI + C2 H5 

llHO = -22.2 kJ mol-1 

Rate coefficient data 

Ahsolute Rate Coefficients 

(6.0 ± 1.5) X 10- 11 

(7.29 ± 1.23) X 10-11 exp(-(61 ± 44)/1') 
(5.93 ± 0.44) X 10-11 

(5.5 ±0.5) X 10-11 

8.3 X 10-11 exp(-(lSO ± 18)JT) 
(5.2 ± 0.3) x 10-11 

(5.75 ± C.S} x 10-11 

Relative Rate Coefficients 

See the CI + CH4 data sheet!; 

Reviews and Evaluations 
7.3 X lO-H exp(-61!T) 

Comments 

Temp.lK 

298 
222-322 
296 
298 
220-604 
298 
298 

222-322 

fa} Flash photolysis: resonance fluorescence detection 
of Cl. 

(b) The value reported in reference [1] was probabiy 
overestimated by 10% (the authors assumed that IF ex: 

[CI]{)·9, whereas a linear relationship between IF and [ell 
probably held under their experimental conditions), and 
therefore the corrected value has been entered in the 
data sheet. 

(c) Discharge flow: resonance fluorescence detection 
of Cl. 

(d) Discharge flow: mass spectrometric detection of 
C2 Hs· . 

(e) The preferred value was that reported by Manning 
and Kurylo [2]. 

Preferred Value 

k = 5.7 X 10-11 cm3 molecule-1 s-1 at 298 K. 
k = 7.7 X 1(1-11 exp(-90IT) cm3 molecule-1 5-1 over 

range 220-350 K. 

Reliability 

1l1og k = ± 0.06 at 298 K. 
a (EIR) = ± 100 K. 

Reference 

Davis, Braun, and Bass, 1970 [1J 
Manning and Kurylo, 1977 [2J 

Watson et aI., 1979 [3] 
Lewi~ et aI., ]979 [4] 

Watson and Ray, 1979 [5] 

Watson, 1977 [6J 

Comments on Preferred Values 

Comments 

(a,b) 
(a) 

(a) 
(c) 

(d) 

(e) 

These five studiel;'. flre in P;(l"pllrmt ~grp.f':mp.nt at -298 

K. The two values reported ror E IR are in good agree
ment~ considering the numerous experimental difficul
ties associated with determining small temperature 
dependences of rate constants. A simple least squares fit 
to all the available data would unfairly weight the data of 
Lewis et a1. due to the larger temperature range covered. 
Therefore~ the preferred value is an expression which 
best fits the data of references [2] and [4] between 220 
and 350 K. 
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CI+ H2CO"~ HCI + HCO 

AHO = -'-67.4 kJ mol-1 

Rate coefficient data 

klcm3 molecule- l S-1 Temp.1K 

Absolute Rate Coefficients 

(7.48 ± 0.5) X 10-11 200-500 
(7.46 ± 0.43) X 10-11 298 
(1.09 ± 0.4) X 10-10 exp(-(131 ± 98)rr) 223-323 
(7.18 ± 0.61) X 10-11 293 

Relative Rate Coefficients 

(7.4 ± 0.6) X 10-11 298 

Comments 

(a) Flash photolysis: resonance fluorescence detection 
of C1. 

(b) Static cell: competitive photochlorination hp.twp.p.n 

H2 CO and C2 ~ utilizing Fourier Transform Infrared 
Spectroscopy. klk(CI + C2 Ha) = 1.3 ± 0.1 at 298 K. k(CI 
+ C2 Ha) taken to he 5.7 X 10-11 cm3 molecule-1 S-1. 

Preferred Value 

k = 7.3 X 10-11 cm3 molecule-1 s-1 at 298 K. 
k = 7.9 X 10-11 exp(-34/T) cm3 molecule-1 S-l over 

range 200-500 K. 
A log k = ± 0.06 at 298 K. 
A (EIR) = ± 100 K. 

Reference Comments 

Michael et aI., 1979 [1] (a) 

Anderson and Kurylo, 1979 [2] (a) 

Niki et aI., 1978 [3] (b) 

Comments on Pre/erred Values 

The preferred value at 298 K is taken to he an average 
of the three reported values which are in excellent agree
ment. The preferred valuelS for the AnhelliulS paramelers 

were obtained from a least squares fit to all the data 
reported in references [1] and [2]. All data should he 
considered to be in good agreement. 
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CI"+ HN03"~ HCI + N03 
AHO = -8.2 kJ mol-1 

Rate coefficient data 

k Icrn3 mo)ecule- l S-I Temp.1K 

Absolute Rate Coefficients 

(6.8 ± 3.4) x 10-15 295 
1.5 X 10-11 exp( -(4378 ± 856)IT) 439-633 
< 2 X 10-17 298 

Reviews and Evaluations 

6.8 x 10-15 295 
1 x 10 11 exp(-21701T) :WU-300 

Comments 

(a) Discharge flow: mass spectrometric detection of 
HN03 • The authors reported that theHN03 only 
decayed between 10 and 20% in the course of a typical 
experiment. 

(h) Discharge flow: mass spectrometric detection of 
N02 + (HN03 was monitored at mle 46). Allowance was 
made for the contribution to the N02 + signal by N02 ). 

J. Phys. Chem. Ref. Data, Vol. 9. No. 2,1980 

Reference Comments 

Leu and DeMore, 1976 [1] (a) 
PouJet, LeBras. and Combourieu. 1978 [2] (h) 

Watson, 1977 [3] (c) 
NASA, 1977 [4] (d) 

(c) Value reported by Leu and DeMore [1]. 
(d) This Arrhenius expression has an estimated 

A-factor, and a value of EIR which yields the value of k 
at 298 K reported by Leu and DeMore [1]. 

Preferred Value 

k ::s; 7 X 10-15 cmS molecule- 1 S-l at 298 K. 
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Reliability 

!.i log k = ~~'.: at 298 K. 

Comments on Preferred Values 

Neither study can be considered to be definitive. Pou
let et a1. [2] postulated that Leu and DeMore [I] were 
observing removal of HNOs via a heterogeneous process. 
While this hypothesis is certainly tenable, the value of 
EJR reported by Poulet et a1. [2] is much higher than 
would be expected (resulting in a surprisingly low value 
for k at 298 K). Although this reaction is not important in 
atmospheric chemistry, additional studies are required 

to provide accurate Arrhenius parameters. Until further 
data becomes available the preferred value IS based on 
assuming that the data of Leu and DeMore [I] represents 
an upper limit. The uncertainties in k at 298 K allow for 
the data of Poulet et a1. [2] to be correct. There is no 
preferred value forEIR. 

References 

flJ Leu. M. T., and DeMore, W. B., Chern. Phys. Lett., 41,121 (1976). 
[2] Poulet, G., Le Bras, G., and Combourieu, J., J. Chern. Ph,s. 69, 

767 (l97Sj. 
t3J Watson, R. T., J. Phys. Chern. Ref. Data, 6,871 (1977). 
[4J NASA Ref. Pub. *1010. "Chlorofluoromethanes and the Strato

sphere," Chapter 1, R. D. Hudson, editor (1977). 

Rate coeffieient data 

{2.1 ::t 0.4) x 10-10 exp(-(1787 ::: 70)/T} 
(4.5 ::t 0.45) X 10-1:1 

(3.36 ± 0.71) x 10-11 exp(-(1250 ± 57}!T) 
(5.1 ± 0.14.) x 1{)-18 

{S.7 ± 0.4) x 10--11 exp( -(1287 ± 150)/1') 
(4.87 ± 0.5) x 10-- 1:1 

Relative Rate Coefficients 

See Cl + CH4 data sheets. 

Reviews and Evaluations 

3.4 x 10- 11 exp { - 1256/T) 

Comments 

300-604, 
300 
233-322 
296 
245-350 
298 

233-350 

(a) Discharge flow: mass spectrometric detection of 
CHaCl. 

(b) Flash photolysis: resonance fluorescenc~ detection 
ofe!. 

A least squares fit of the individual data points of 
~l_U;U1HlH!o' and Kurylo [2] and Watson et a1. [Sj has been 
used to derive the preferrert A rrhpnin" E'ypresslon fOT k_ 
This should be used "vith caution outside the 

temperature range. A value of ± 
O.S) X lO-1:~ ems molecule-! S-l was derived for kat 298 K 
from the data of the three direct studies, 

k = 4.9 >< 10-13 cm3 molecule- 1 8- 1 at 298 K. 
k = 3.4 X 10-11 exp(-1260IT) em:> molecule- 1 S-l over 

range 233-350 K. 

Reliability 

.1 log k = ± 0.1 at 298 K. 
!1. iE/R) = ± 200 K. 

Clyne and Walker, 1973 [11 (a) 

Manning and Kurylo, 1977 f2J (b} 

Watson et &.1., 1978 [3] (b) 

Watson, 1977 [4J (c; 

Comments on Preferred Va. lues 

The results are in good agreement at 298 K. However, 
the value of the activation energy measured by Watson et 
a1. and 1\'ianning and KUI-ylo is lower than 
that meaEured by Clyne and Walker j as was also the case 
when these groups measured the rate constant for the Cl 
+ CH~ reaction. The discharge flm'¥-: mass spectrometric 
technique may be subject to a systematic error~ and it is 
therefore recommended that the flash results 
be used for stratospheric calculations in the 200-300 K 
temperatUlt nmge (~ee dh,cu8sion of the Cl + C~ 
studies). In the discussion of the CI + CH4 reaction it was 
suggested that some of the apparent discrepancy be
tween the results-of Clyne and Walker and the flash 
photolysis studies can be explained hy nonlinear Arrhe
nius behavior. However, it is less likely that this can he 
invoked for this reaction as the A factor (as measured. in 
the flash photolysis studies) i~ already ~3.5 x 10--11 

cm:5 molecule- 1 5- 1 and the significant curvature which 
would he required in the Arrhenius plot to make the data 
compatible -would result in an unreasonably high value 
for A. (>2 x 10-10 cm3 molecule- 1 



428 BAULCH ET AL. 
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CI + CION02'~ CI2 + N03 (1 ) 

~ CIONO + CIO (2) 

AHO (1) = -77 kJ mol-' 

AHo (2) = +4 kJ mol-1 

Rate coefficient data (k = kl + k2 ) 

klcm3 molecule-Is- I Temp./K 

Absolute Rate Coefficients 

(8-6+8) X 10-14 245 
(1.68_1.33 +6.,") X 10- 12 exp(-(607 ± 388)ff) 224-273 
2.2 X 10-13 298* 

Reviews and Evaluations 

1.68 X 10-12 exp(-607ff) 224-273 

Comm~nts 

(a) Flash photolysis: res~nance fluorescence detection 
of C1. 

(b) This value is based on the data reported by Kurylo 
and Manning [2]. 

Preferred Value 

k = 2.2 X '10-13 cm3 molecule-1 s-1 at 298 K. 
k =1.7 X 10-12 exp(-6101T) cm3 molecule- 1 s-1 over 

range 224-273 K. 

Reliability 

A log k = ± 0.3 at 298 K. 
A (EIR) = ± 400 K. 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

Reference Comments 

Ravishankara et at, 1976 [1] (a) 
Kurylo and Manning, 1977 [2] (a) 

NASA, 1977 [3] (b) 

Comments on Preferred Values 

Considering the experimental difficulties associated 
with handling CION02 , and the low precision of the data 
of Ravishankara et aI. [1], the results are in fair agree
ment at 245 K. Therefore, the preferred value is taken to 

be that reported by Kurylo and Manning [2]. Neither 
study reported any information which could be used to 
assess the relative importance of the two channels. The 
A -factor is lower than would he expected from theoretical 
considerations. However, this may be an artifact of the 
restricted temperature range over which the reaction was 
studied. 
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HO + HCI.~ H2 0 + CI 

I1HO = -67.4 kJ mol- 1 

Rate coefficient data 

k lema molecule-I S-1 Temp.1K 

Absolute Rate Coefficients 
1.3 X 10- 11 1920-1940 
(6.4 ± 1.5) x 10- 13 295 
(2.0 ± 0.1) x 10-12 exp(-(312 ± 10)IT) 225-460 
(6.7 ± 0.4) x 10-13 297 
(4.L1•4 +2.0) X 10-12 exp(-(528 ± 25)IT) 210-460 
(6.9 ± 1.0) x 10- 13 298 
(3.25 ± 0.3) x 10- 12 exp(-(473 ± 39)fT) 250-402 
(6.65 == 0.39) x 10- 13 298 
(6.6 ± 1. 7) x 10-13 293 

Reviews and Evaluations 

2.96 X 10-12 exp(-425fT) 220-300 
3.0 x 10-12 exp( -425fT) 220-300 

Comments 

(a) Flame inhibition Fitudy. 
(b) Discharge flow: EPR detection of HO. 
(c) Discharge flow: resonance fluorescence detection 

ofHO. 
(d) Flash photolysis: resonance absorption detection 

ofHO. 
(e) Flash photolysis: resonance fluorescence detection 

ofHO. 
(f) Hack et aI., report that EIR is small between 293 

and 567 K, but the lack of an adequate data base pre
cluded a quantitative assessment of its value. 

(g) This evaluation was based on the data of Anderson 
et a1. (1974), Smith and Zellner (1974), and Ravishankara 
et a1. (1977). 

Preferred Value 

k = 6.6 X 10-13 cm3 molecule-1 S-1 at 298 K. 
k = 3.0 X 10-12 exp(-42S/T) cm3 molecule- 1 s-1 over 

range 210-460 K. 

Reliability 

f). log k = ± 0.06 at 298 K. 
11 (E/R) = ± 100 K. 

Reference Comments 

Wilson, O'Donovan, and Fristrom, 1969 [1] (a) 
. Takacs and Glass, 1973 [2] (b) 

Anderson, Zahniser and Kaufman, 1974 [3] (c) 

Smith and Zellner, 1974 [4] (d) 

Ravishankara et aI., 1977 [5] (e) 

Hack, Mex, and Wagner, 1977 [6] (b,i) 

Watson, 1977 [7] (g) 
NASA, 1977 [8] (g) 

Comments on Pre/erred Values 

There is good agreement between these five groupS of 
workers at -298 K, and the preferred value at this tem
perature is the average of the five. The Arrhenius expres
sion was derived by giving an equal weighting to data 
reported in references {3-5]. 
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HO + CIO~ H02 + CI (1) 

~ HCI + O2 (2) 

aHO (1) = -18 kJ mol-1 

aHo (2) = -234 kJ mol-1 

Rate coefficient data (k = kl + k2 ) 

klcm3 molecule- 1 S-1 Temp.1K 

Absolute Rate Coefficients 

(9.1 ± 1.3) X 10-12 298 

Comments 

(a) Dischargt: fluw: n~8onance fluorescence detection 
ofHO in the presence of excess CIO. A lower limit of 0.65 
was determined for kl/k by measuring [H021 produced/ 

[HO]removed' As HO, could be removed by secondary 
kinetic processes, the true value of ktfk may even be 
unity. 

Prefen-ecl Value 

k = 9.1 X 10-12 cm3 molecule-1 s-1 at 298 K. 

Reference Comments 

Leu and Lin, 1979 [1] (a) 

Reliability 

~ log k = ± 0.3 at 298 K. 

Comments on Pre/erred Values 

To date there has only been one determination of k. No 
preferred value is given for the branching ratio. Data are 
urgently required for the temperature dependence of not 
only k, but individually for k) and k2 • 

References 

[1] Leu, M. T., and Lin, C. L., Geophys. Res. Lett., 6,425 (1979). 

HO + CION02 .~ HOCI + N03 (1) 

~ H02 + CIONO (2) 

~ HN03 + CIO (3) 

aHO (1) = -72 kJ mol-) 

aHa (2) = -20 kJ mol- 1 

AHo (3) = -98 kJ mol-1 

Rate coefficient data (k = kl + k2 + ka) 

klcm3 mo1ecule- 1 S-I Temp.IK 

Ah~olute Rate Coefficient:;; 

(3.7 ± 0.4) X 10-13 245 
(1.19 ± 0.1) x 10-12 exp(-(333 ± 22)11') 246-387 
(3.93 ± 0.11) x 10-13 295 

Reviews and Eva1uations 

1.2 X 10--12 exp(-333ff) 246-387 

Comments 

(a) Static system flash photolysis: resonance fluores
cence detection of HO. Handling CION02 was reported 
to be more difficult than usual owing to its instability on 
metal or wet surfaces. 

(b) Discharge flow: resonance fluorescence detection 
ofHO. 

J.Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

Reference Comments 

Ravishankara et a1., 1977 [1] (a) 

Zahniser, Chang and Kaufman, 1977[2] (b) 

NASA, 1977 [3] (c) 

(c) This evaluation is based on the data of Zahniser et 
al. [2]. 

Preferred Value 

k == 3.9 X 10-13 cm3 molecule- 1 S-1 at 298 K. 
k = 1.2 X 10-12 exp(-330IT) cm3 molecule- 1 s-1 over 

range 246-387 K. 



KINETIC AND PHOTOCHEMICAL DATA FOR ATMOSPHERIC CHEMISTRY 431 

Reliability 

/). log k = ± 0.2 at 298 K. 
/). (EIR) = ± 200 K. 

Comments on Preferred Values 

The -results are in good good agreement at ~245 K 
(within 25%) considering- the difficulties associated with 
handling CION02. The preferred value is that of Zah-

niser et al. [2]. Neither study reported any data on the 
reaction products. 
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HO + CH3CI_~ H2 0 + CH2 CI 

/).HO = -74 kJ mol- 1 

Rate coefficient data 

klcm'3 molecule-1 S-1 Temp.1K 

Absolute Rate Coefficients 
(3.6 + 0_8) x 10-14 298 
(1.84 ± 0.18) X 10-12 exp(-(1097 ± 35)IT) 240-400 
(4.3 ± 0.2) X 10-14 298 
4.1 X 10-12 exp(-(1359 ± 150)IT) 298-422 
(4.4 ± 0.5) X 10-14 298 

Relative Rate Coefficients 

(4.5 ± 0.9) X 10-14 298 
9.1 X 10-14 298 
(2.7 ± 0.6) X 10-14 305 

Reviews and Evaluations 

2.18 X 10-12 exp(-1l421T) 240-422 
2.2 X 10-12 exp(-1l42IT) 240-422 

Comments 

(a) Discharge flow: laser magnetic resonance detec
tion of HO. 

(b) Flash photolysis: resonance fluorescence detection 
ofHO. 

(c) Daviset ale [4] photolyzed H20 in a static cell in the 
presence of CO and CH3 CI, producing steady-state con
centrations of HO (the exact steady state concentration 
of HO was governed by the concentrations of CO and 
CH3 CI which were added to the cell). Thus relative rate 
constants. klk (HO + CO) were obtained by monitoring 
relative [HO] using laser induced fluorescence. klk (HO 
+ CO) = 0.3 ± 0.06; k(HO + CO) = 1.5 X 10-13 

cm3 molecule-1 S-l (diluent gas = He). 
(d) klk(HO + CH4 ) = 12.2. k(HO + CH4 ) = 7.5 x 

10-15 cm3 molecule-1 S-l. 

(e) Relative to HO + CO at 400 torr of N2 + O2, 
klk(HO + CO) = O.ll ± 0.03; k (HO + CO) = 2.37 X 

10-13 cm3 molecule-1 s-1 at 400 torr of N2 + O2, 
(0 These evaluated expressions are based on all the 

absolute rate coefficient data (references [i -3], and the 
data of reference [4]). 

Preferred Value 

k = 4.1 X 10-14 cm3 molecule-1 s-1 at 298 K. 

Reference Comments 

_ HowRrrl Rnrl Fvpn!1;on, 197(1 [1] (R) 

Davis et aI., 1976 [2] (b) 

Perry, Atkinson, and Pitts, 1976[3] (b) 

Davis, Hogan, and Oh, 1975 [4] (c) 
Cox et aI., 1976 [5] (d) 
Butler, Solomon, and Snelson, 1978 [6] (e) 

Watson, 1977 [7] (0 
NASA, 1977 [8] (0 

k = 2.2 X 10-12 exp(-1l40IT) cm3 molecule-1 s-1 over 
range 240-422 K. 

Reliability 

/). log k = ± 0.1 at 298 K. 
a (EIR) = ± 200 K. 

Comments on Preferred Values 

The preferred values were obtained using only ab
solute rate coefficient data. The studies which deter
mined klk(HO + CO) are excluded until the kinetic be
havior between HO + CO is better understood, and the 
accuracy of the HO + CH3 CI: HO + CH4 study 
(reference [5]) was probably no better than a factor of 2. 
Within the temperature range covered by studies [2] and 
[3] (298-400 K) the results agree to within 20%. 
However, the value of k obtained by using the Arrhenius 
expression of reference [3] at 240 K would be ~40% 
lower than the value obtained directly at that tempera
ture by reference [2]. The preferred value was obtained 
from a least squares fit to the data in references [2] and 
[3]. Equal weighting was given to each of the bimolecular 
rate constants (3 from [3], and 5 from [2]). 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 
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Rate coefficient data 

klcm3 molecule-1 S-1 Temp.1K 

Absolute Rate Coefficients 
1.21 X 10-12 exp(-(I636 ± 15I)n') 297-434 
4.7 X 10-15 297 
(3.4 ± 0.7) X 10-15 298 
(9.25 ± 1.0) x 10-13 exp(-(1575 ± 71)1T) 250-350 
(4.H ± U.2) X lU-'~ 2Y8 

(1.2 ± 0.16) x 10-12 exp{-{1657 ± 39)([') 253-427 
(4.25 ± 0.28) X 10-15 296 
(2.1 ± 0.6) x 10-12 exp(-(l780 ± 150)([') 263-373 
(4.6 ::!;: 0.8) X 10-15 293 
(9.6 ± 1.6) X 10-12 exp(-(2311 ± 200)([') 294-426 
(3.3 ± 0.7) X 10-15 294 

Reviews and Evaluations 

1.21 X 10-12 exp( -164811') 250-434 
1.20 x 10-12 exp(-16601T) 250-434 

Comments 

(a) Flash photolysis: resonance fluorescence detection 
ofHO. 

(b) Discharge flow: laser magnetic resonancedetec
tion of HO. 

(c) Discharge flow: resonance fluorescence detection 
ofHO. 

(d) Flash photolysis: resonance absorption detection 
ofHO. 

(e) Based on the data reported in references [1-3]. 
(f) Based on the data reported in references [1-4]. 

Preferred Value 

k = 4.4 X 10-15 cmS molecule- 1 S-1 at' 298 K. 
k = 1.3 :x 10-- 111 exp(-1670IT) cmomolecule 1 s -lover 

range 240-400 K. 

Reliability 

L\ log k = ± 0.1 at 298 K. 
a (EIR) = ± 200 K. 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

Reference Comments 

Atkinson, Hansen and Pitts, 1975 [I] (8) 

Howard and Evenson, 1976 [2] (b) 
Watson et aI., 1977 t3l (a) 

Chang and Kaufman, 1977 [4] (c) 

Handwerk and Zellner, 1978 [5] (d) 

Clyne and'"Holt, 1979 [6] (c) 

Watson, 1977 [7] (e) 
NASA, 1977 [8) {f) 

Comments on Pre/erred Values 

The values reported for k at -298 K are in fair agree
ment. Consequently the preferred value for k at 298 K is 

a simple mean of all .the results (corrected to 298 K). 
However, the Arrhenius expression reported by Clyne 
and Holt is in poor agreement with those reported in 
references [1,3-5], and as such the data reported by 
Clyne and Holt is not considered when deriving the pre
ferred Arrhenius expression. The preferred Arrhenius 
expression was derived to best fit the data reported in 
references [1,3-5]. 
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sphere," Chapter 1, R. D. Hudson, editor (1977). 



KINETIC AND PHOTOCHEMICAL DATA FOR ATMOSPHERIC CHEMISTRY 433 

HO + CHFCI2 ·-+ H2 0 + CFCI2 

~HD = -92 kJ mol- 1 

Rate coefficient data 

k Icm3 molecule- 1 S-1 Temp.fK 

Absolute Rate Coefficients 

(2.6 ± Q.4) X 10-14 298 
1.75 X 10- 12 exp(-(1253 ± 150)f1') 298-423 
(2.7 ± 0.3) X 10-14 298 
(1.87 ± 0.2) x 10-12 exp(-(1245 ± 26)/1') 245-375 
(2.88 ± 0.3) X 10-14 298 
(1.16 ± 0.17) X 10-12 exp(-(1070 ± 40)/1') 241-396 
(3.04 ± 0.11) X 10-14 296 
(4.75 ± 0.9) x 10-12 exp(-(1430 ± 100)/1') 293-413 
(3.54 ± 0.26) x 10-14 293 

Reviews and Evaluations 
1.59 X 10-12 exp ( - 12041T) 245-423 
1.3 x 10-12 exp(-1l27IT) 241-423 

Comments 

(a) Discharge flow: laser magnetic resonance detec
tion of HO. 

(b) Flash photolysis: resonance fluorescence detection 
ofHO. 

(c) DilScharge flow: relSommce fluorelScence deLecLion 
ofHO. 

(d) Based on the data of references [1-3]. 
(e) Based on the data of references fl-41. 

Preferred Value 

k = 2.8 X 10-:14 cm3 molecule-1 s-1 at 298 K. 
k = 1.5 X 10-12 exp(-1l80IT) cm3 molecule-1 s-1 over 

range 240-400 K. 

Reliability 

~ log k = ± 0.1 at 298 K. 
!1 (FIR) = +- 200 K. 

Reference. Comments 

Howard and Evenson, 1976 [1] (a) 
Perry, Atkinson, and Pitts, 1976 [2] (b) 

Watson et aI., 1977 [3] (b) 

Chang and Kaufman, 1977 [4] (c) 

Clyne and Holt, 1979 [5] (c) 

Watson, 1977 [6] (d) 
NASA, 1977 [7] (e) 

Comments on Preferred Values 

The preferred values were derived using the data re
ported in references [1-4]. The data of Clyne and Holt 
[5] were not considered as they are in poor agreement 
with the other data within the temperature range studied, 
e.g. there is a difference of -65% at 400 K. 
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[51 Clyne, M. A. A., and Holt, P. M., J. Chern. Soc. Faraday Trane. II 

75, 582 (1979). 
[6] Watson, R. T., J. Phys. Chern. Ref. Data, 6,871 (1977). 
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sphere". Chapter 1. R. D. Hudson. editor (1977). 
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HO + CH3CCI3~ H2 0+ CH2 CCI3 

tlHO = -94 kJ mol-1 

Rate coefficient data 

k lem3 moleeule-1 S-1 Temp.IK 

Absolute Rate Coefficients 
(1.5 ± 0.3) x 10-14 298 
(3.72 ± 0.4) x 10-12 exp(-(1627 ± 50)/T) 260-375 
(1.59 ± 0.2) x 10-14 298 
(1.9 ± 0.24) x 10-12 exp( -(1331 ± 37)/T) 275-405 
(2.2 ± 0.3) x 10-14 298 
(2.4 ± 0.8) x 10-12 exp(-(1394 ± 113)/T) 293-430 
(1.81 ± 0.16) X 10-14 293 
(5.4 ± 1.8) x 10-12 exp( -(1810 ± l00)IT) 253-363 
(1.08 ± 0.20) X 10-14 296 
(!;.O~ ± 1.27) X 10-12 exp(-(l798 ± 91)1T) 278-457 
(1.06 ± 0.09) X 10-14 293 

Relative Rate" Coefficients 
3.0 X 10-14 298 

Reviews and Evaluations 

3.72 X 10-12 exp(-1627IT) 260-375 
3.5 X 10-12 exp( -1562/T) 260-405 

Comments 

(a) Discharge" flow: laser magnetic resonance detec
tion of HO. 

(b) Flash photolysis: resonance fluorescence detection 
ofHO. 

(c) Discharge flow: resonance fluorescence detection 
ofHO. 

(d) klk (HO + Cf4) = 4.0; k (HO + CRt) = 7.5 X 10-15 

cmS molecule- 1 S-1 • 

(e) Based on the results of Watson"et al. [2]. 
(f) Evaluation based on the data reported in refer

ences [1-3]. 
(g) This is not the expression given in the abstract of 

[6]. It is given in the body of the paper and results from 
a data analysis which includes reasonable. estimates of 
systematic errors. 

Preferred Value 

k = 1.2 X 10-14 cm3 molecule-1 S-1 at 298 K. 
k = 5.1 X 10-12 exp(,-18ooIT) cmSmolecule-1s-1 over 

range 250-460 K. 

Reliability 

tllog k = ± 0.15 at 298 K. 
tl (EIR) = ± 200 K. 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

Reference Comments 

Howard and Evenson, 1976 [1] (a) 
Watson et al., 1977 [2] (b) 

Chang and Kaufman, 1977 [3] (c) 

Clyne and Holt, 1979 [4] (c) 

Kurylo et al., 1979 [5] (b) 

" .. 

Jeong and Kaufman. 1979 r61 (c,g) 

Cox et al., 1976 [7] (d) 

Watson, 1977 [8] (e) 
NASA, 1977 [9] (f) 

Comments on Preferred Values 

This evaluation is based on the recent data of Kurylo 
et a1. [5] and Jeong and Kaufman [6] whose results are in 
excellent agreement. The earlier results [1-4,7] are re
jected in favor of the recent results. The CHs CCls used 
in the early studies may have been contaminated with 
olefinic impurities. The A -factors reported in references 
[5] and [6] appear to be more reasonable than those re
ported in references [3] and [4] which are somewhat 
lower than might be expected for H abstraction from a 
molecule containing a methyl group. This evaluation is 
different from that reported in CODATA Bulletin =11=33 
[10] which was based on the data reported in references 
[1-4]. 
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CIO + H02·~ HOCI + O2 (1) 

435 

~ Hel + 0 3 (2) 

~ HOOCIO (3) 

6.1JO (1) ..... - 182 kJ mol-1 

ABo (2) = -53 kJ mol-1 

Rate coefficient data 

klcm3 molecule-Is-I Temp.IK 

Absolute Rate Coefficients 

(5.7 ± 1.5) X 10- 12 298 
(3.8 ± 0.7) x 10-12 298 
(8.5 ± 1.9) X 10-13 298 
(6.0 ± 1.2) X 10- 12 298 

Reviews and Evaluations 
2 X 10-13 298 

Comments 

(a) Discharge flow: mass spectrometric detection of 
HOCl. 

(b) Discharge flow: resonance fluorescence detection 
of HO (unreacted HOz is converted to HO ViR thp. TRpirl 

NO + H02 ·-+ N02 + HO reaction). 
(c) Discharge flow: mass spectrometric detection of 

H02 • HOC} was observed as a reaction product. 
(d) Discharge flow: laser magnetic resonance detec

tion of HOz. 
(e) There were no experimental data. k was assumed 

to be intermediate between k(H02 + H02 ) and k(CIO + 
CIO). 

Preferred Value 

k """ 5.2 X 10-12 em3 moleeule- 1 5- 1 at 298 K. 

Reliability 

.6. log k = ± 0.2 at 298 K. 

Reference Comments 

Birks and Leek, 1979 [I] (a) 
Reimann and Kaufman, 1978 [2] (b) 
Poulet, Le Bras, and Combourieu, 1978 [3] (c) 
Stimpfle, Perry and Howard, l~"lY l4j (d) 

NASA, 1977 [5] (e) 

Comments on Preferred Values 

The preferred value was obtained by taking a simple 
mean of the results reported in studies [1,2,4]. This pro
cedure was adopted, because the value reported in refer
ence [3] is significantly lower than those reported in 
references [1 ,2,4J. Because not all of the studies have yet 
been published some of the values may change prior to 
publication. As for any radical-radical reaction the mag
nitude of the temperature dependence is expected to be 
small (f;IR = O-:;:~). Although process (1) is ex
pected to be the dominant reaction channel, and HOCl 
has been observed to be a reaction product [1,3], there is 
no data concerning process (2) (of stratospheric impor
tance when k2 ;;;::0.01 k1 ). 
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Chemistry, University of Colorado, Boulder, Colorado (1979). 

lZj Keimann, B., and Kaufman, Y., J. Chern. Phys. 69,2925 (1978). 
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CIO + NO~ CI + N02 

IlHO == -38.1 kJ mol-1 

Rate coefficient data 

k IcmS molecule- 1 S-l Temp.1K 

Absolute Rate Coefficients 
>3 X 10-13 300 
(1.7:!: 0.2) :x 10-11 298 
(5.72 ± 0.18) X 10-12 exp(+(296 ± 20)([') 227-415 
(1.53 ± 0.11) X 10-11 299 
(1.75 ± 0.2) X 10-11 298 

Relative Rate Coefficients 
1.4 X 10-11 exp(+(1l6 .± 2(0)ff) .230-295 
(2.2 ± 0.4) X 10-11 295 

Reviews and Evaluations 
8.0 X 10-12 exp(+250ff) 220-298 
1.0 X 10-11 exp(+200rr) 230-295 

Comments 

(a) Di~charge flow: mass spectrometric detection of 
CIO. 

(b) The value of k was measured relative to k(Cl + 0 3 ) 

by utilizing the discharge flow: resonance fluorescence 
technique to monitor steady state concentrations of CI 
atoms in the presence of NO and 0 3 , The tabulated 
values of k were derived by combining the experimental
ly determined values of klk(Cl + 0 3 ) of 0.52 exp(+(373 
± 75)IT), and 1.85 ± 0.2 at 298 K, with the preferred 
value of 2.7 X 10-11 exp(-257IT) cm3 molecule-1 s-1 for 
k(Cl + 0 3 ) taken from this evaluation. An alternate 
expression of 1.13 X 10-11 exp( +(200 ± l00)fT) 
cm3 molecule~l S-1 was reported in the original publica
tion by using a value for k(C] + 0 3 ) of 2.2 X 10-11 

exp( -170fT) cm3 molecule-1 S-1 which was determined 
by Zahniser et al. [8] in the same experimental appa
ratus. See the 0 + CIO reaction, comment (e), for further 
pertinent discussion. . 

(c) The preferred value at 298 K was obtained by tak
ing the mean of the three reported values [2,3,5]. Th-e 
Arrhenius expression was derived by taking an average 
of the two values of EfR (the values shown in the original· 
publications), and the A-factor was adjusted so that the 
expression yielded the preferred value of 1.85 X 10-11 

cm3 molecule-1 s-1 at 298 K. 
(d) The recommended rate constant was based on a 

value of kat298 K equal to the average of two available 
experimental measurements (Clyne and Watson, 1974; 
and Zahniser and Kaufman, 1977), and the temperature 
dependence reported by Zahniser and Kaufman (1977). 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

Reference Comments 

Coxon, 1968 [1] 
Clyne ,md Wot:lon, 1974 [2] (4) 

Leu and DeMore, 1978 [3] (a) 

Watson and Ray, 1979 [4] (a) 

Zahniser and Kaufman, 1977 [5] (b) 

Watson, 1977 [6] (c) 
NASA, 1977 [7] (d) 

Preferred Value 

k = 1.8 X 10-11 cm3 molecule- 1 S-l at 298 K. 
k = 8.9 X 10-12 exp( +2 lOfT) cm3 molecule-1 S-1 over 

range 227-415 K. 

Reliability 

d log k = ± 0.1 at 298 K. 
d (EfR) = ± 100 K. 

Comments on Preferred Values 

The results of the three mass spectrometric studies 
[2-4] are in excellent agreement at 298 K. However, until 
it can be shown that the value reported in reference (5] 
is in error. the preferred value at 298 K is taken to be the 
mean of the results reported in references [2-5]. The 
temperature dependences reported in references [3] and 
[5] are in fair agreement. The Arrhenius expression was 
derived by taking the average of the two values of EJR, 
and the A-factor was adjusted so that the expression 
yielded the preferred values of 1.8 X 10-11 cm3 mole
cule-1 S-1 at 298 K. 

References 
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CIO + N02 + M---..,. CION02 + Nt 

437 

!lHo = -109 kJ mol- 1 

Low Pressure Rate Coefficients 

Rate coefficient data 

Absolute Rate Coefficients 

(l.5 ± 0.2) x 10-31 [N2 ] 

(8.3 ± 0.1) x 10--3:: {TISOOt3•J5 [He] 
(4.4. ± 0.66) x 10-33 exp{1087/T) [N2J 
1.8 x 10-81 [NzJ 
(9.S ± 0.28) x 10.-32 [He] 
(3.69 ± 0.24) x 10-33 exp(1l501T) fNzJ 
1.8 x 10-:31 [Nd 
(2.66 ± 0.35) x 10-33 exp(1140/T) mel 
1.2 x 10-31 [He] 
1.4 x .10-'31 [N2J 
0.6 x 10-31 (T!298t~·4 [N2 J 
(1.0 ± 0.3) x 10-31 [He] 
(2.1 ± 0.6) x 10-31 [N1d 
(1.5 ± 0.5) X 1O--, sl [OzJ 
4.7 X 10--33 exp(1056IT) {N2J 
1.6 x 10-31 TNd 

Reviews and Evaluations 

1.8 X 10-31 (T!298t 3•34 [Nzl 
(1.6 ± 0.2) x lO-:n (T!298tS

-(l [Nz] 

Comments 

Temp.1K 

297 
251-365 
250-356 
298 
297 
298-417 
298 
248-4·17 
298 
298 
333-363 
298 
298 
298 
274-339 
298 

200-300 

(a) Discharge :flow system study with CIO detection by 
CI resonance fluorescence after conversion by added 
NO. Pressure range 1.5-6.5 Torr; practically no fall-off 
corrections are required. 

(b) Discharge flow system study with mass spectro
metric detection. Pressure range 1-5 Torr; practically 
no fall-off corrections required. 

(c) Discharge flow system study with mass spectro
metric detection. Pressure range 1-9 Torr. Relative effi
ciencies of M, N2 :He:Ar = 1.0: 0.68: 0.65. 

(d) Flash photolysis study. 
(e) From thermal decomposition of CION02 in flow 

system converted with equilibrium constant. Pressure 
range 20-375 Torr; assumed that the reaction was in the 
luw pressure range. 

(f)Discharge flow system; laser magnetic resonance 
detection of CIO. 

(£) Modulated photolysis; lTV ah~orpfiont1ete(.:-tion of 
CIO. Pressure range studied 25-612 TOIT~ small devia
tions from third order observed near 1 atm. 

Reference 

Zahniser, Chang and Kaufman, 1977 [I) 

Birks et a1.. 1977 f2J 

Leu, Lin and DeMore, 1977 [3J 

Handwerk and Zellner, 1978 [4] 
Knauth, 1978 [6] 
Stimpfle, Perry and Howard, 1978 [71 

Cox and Lewis, 1979 [8] 

NASA. 1977 [9J 
Zellner, 1978 £5J 

Comments 

(a) 

(b) 

(c) 

(d) 
(e) 

m 

(g) 

(h) 

(h) Based on the data of ref. [1]. The expression for the 
[M]-dependence of k, given as proposed by ref. [l]~ 

should not be used since it diverges outside the indicated 
pressure range. 

Preferred Value 

ko = L 7 X 10-31 (TI300t3 .0 fN2 } over range 250-400 K. 
ko = 1.0 X 10-31 (Ti300t:U ) [He] over range 250-400 K. 

Reliability 

6. log ko = ± 0.1 nVp.T r;mge 250-400 K. 

Comments on Preferred Value$ 

Good agreement between various measurements con
sistent w~th theoretical analysis in ref. [5]. 
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High Pressure Rate CoeffiCients 

Rate coefficient data 

k",/cm3 molecule- t S-l Temp.IK Reference Comments 

Absolute Rate Coefficients 

> (3 ± 1) x 10-12 298 Handwerk and Zellner, 1978 [4] (a) 

Reviews and Evaluations 
1.45 x 10-11 298 Smith and Golden, 1978 [10] (b) 

0.62 x 10 .... 11 298 Zellner, 1977 [11] (c) 

(1.2 ::!:: 0.4) x 10-11 298 Zellner, 1978 [5] (d) 

Comments Intermediate F all-off Range 

(a) Flash photolysis at 625 Torr of N2 to be extrapo· 
lated to k oo • 

From the preferred values one derives [N2 ]c = 7 X 1019 

molecule cm-3 at 300 K and [N2 ]c = 2 X 1019 molecule 
cm-3 at 200 K. One estimates Fe = 0.8 ± 0.1 at 200 K and 
Fe = 0.7 ± 0.1 at 300 K. 

(b) Modified RRKM calculation. 
(c) Transition state theory with maximum free energy 

calculation. 
(d) Based on ref. [4] with extrapolation to k oo • 

Preferred Value 

k oo ' = 1.2 X 10-11 cm3·molecule-1 s-1 over range 
200-400 K. 

Reliability 

A log k'7J = ± 0.4 over range 200-400 K. 

Comments on Preferred Values 

Value not well defined and new measurements at pres· 
sures above 1 atm are needed. 
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HOCI + hv-"; products 

Reaction 

HOCl + h v-+ HCl + O(3P) (1) 
.-'" HO + Cl (2) 

-+ CI0 + H (3) 
-+ HCI + O(1D) (4) 

Wavelength range/nm 

230-390 
290-450 
200-450 
200-420 

J;~ys. Chem. Ref. Data, Vol. 9. No.2, 1980 

Primary photochemical transitions 

230 
233 

393 
420 

Absorption cross section data 

Reference 

Ferguson, Slotin, and Style, 1936 [1] 
Jaffe and DeMore, 1977 [2] 
Molina and Molina, 1978 [3] 
Knauth, Alberti, and Clausen, 1979 (4) 

A thresbold I nm 

520 
513 

304 
285 

Comments 

(a) 
(h,c) 
(h,d) 
(h,e) 
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Quantum yield data 

Measurement Wavelength/nrn Reference Comments 

-310 Molina, Ishiwata and Molina, 1979 [5] 

Comments 

(a) Plate photometry. Optical pathlength = 1000 cm. 
T = 318 K. HOCl produced in the gas phase by distilla
tion of a 0.2 Iv1 solution of HOCL 

(h) The ultraviolet absorption spectrum of HOCl was 
determined from the vapor phase eauilibrium CI 0 + 
H2 0 ~ 2 HOCL . 2 

(c) Keq was estimated to be 0.07 ± o.cn at 298 K. 
Optical pathlength = 10 em. 

(d) K eq, was estimated to be 0.25 at 298 K. Optical 
pathlengths of 10 and 180 cm were used. Although Mo
lina and Molina reported that Keq should not be less than 
0.2, or greater than 0.35, they demonstrated the effect of 
assuming different values of on their calculated 
values of fJ'. Whereas calculated values of (j between 320 
nrn and 380 nm are insensitive to the assumed value of 
Keq~ helo,.,· 320 il.m the calculated values of 0" are quite 

sensitive to the value of Kea. 
(e) Keq was determined t~ be 0.132 ± 0.008 at 333 K. 

From this val~e ofKeq a valu_e of 0.082 was derived for Keq 
at 298 K. OptICal pathlengths of 10.57 and 100 em were 
used. Four isobestic points were observed for HOCl and 
C12 0 at 214, ·233, 335 and 380 nm. Spectral resolution 
ranged between 0.3 and 1.0 nm. 

(f) A Cl:O:H2 0:HOCl equilibrium mixture was pho
tolyzed usmg a narrow line laser at four wavelengths 
dose to 310 nm which were coincident with transitions in 
the A 2 I_X2 TI(O-O) absorption system of OH. Absolute 
OR concentrations were monitored using the calibrated 
laser induced resonance fluorescence technique. Using 
the ,HOCl absorption cross sections reported by Knauth 
et at [4] and the measured absolute OR concentrations. 
it was deduced that $2 has a value close to unity. . 

Preferred Vaiues· 

Absorption cross sections for HOCI photolysis at 298 !( 

200 5.2 310 
210 6.1 .320 
220 H.O 330 
230 18.6 340 
240 22.3 350 
250 18.0 .360 
260 10.8 370 
270 6.2 380 
280 4.8 39(1 

290 5.3 400 
300 6.1 410 

Quantum yields for HOG photolysis at 298 K. 

9 2 = 1.0 for A >200 nrn. 

6.2 
5.0 
3.7 
2.4 
1.4 
0.8 
0.45 
0.24-
0.15 
{LOS 

Comments on Preferred Yalues 

The preferred absorption cross sections are taken 
directly from the study of Knauth et al. The studies of 
Jaffe and DeMore [2]~ Molina and Molina [3L and Knauth 
et a1. [4] all derived absorption cross sections for HOCl 
from gas phase spectra of equilibrium mixtures of 
H20-CI20-HOCl. In order to derive accurate absorp
tion cross sections for HOCI the value of Keq is required. 
The equilibrium constant determined hy Knauth et aI. is 
assumed to be most accurate due to their use of higher 
cell temperatures. Their derived value of 0.08 at 298 K is 
in good agreement with that reported by Jaffe ~nd De
More. The cross sections derived from Molina and Mo
lina's data recalculated Ulsing a value of --O.OS for K are 
. l' " In exee lent agreement with the results of Knauth et &1. 

fig. 2 reference [3]), Consequently, assuming that 
the correct value of K eq at 298 K is -0.08 there is good 
agreement between the results of :Molina and Molina. 
and Knauth et at The early results of Ferguson et aI .. [Ii 
are rejected. as are the results of Jaffe and DeMore 
whose values for (J' at A >290 nm are now thought to be 
too large. In contrast to these experimental studies which 
show a quite strong absorption hand extending to -400 
nm, t1~e theoretical predictions of Jaffe and Langhoff [6] 
and HIrsch et a1. [7] indicate negligible ~bsorption at all 
wavelengths greater than 300 nrn. Unpublished data of 
T:immons~ and Hisatsune, quoted in Jaffe and Langhoff. 
also show negligible absorption beyond 300 nm. 
However, the results of these theoretical calculations, 
and the data of Timmons, and Hisatsunes are at present 
rejected in favor of the results of Knauth et a1. [4]. A 
study of the absorption cross sections at stratospheric 
temperatures, and in an anhydrous environment. are re
quhed before the spectrum of HOC} can be considered to 
he well known. The preferred value of unity for <P'I i13 
based on the experimental data of Molina e"t a1. [5] at 
--310 nm~ and the theoretical calculations of Jaffe and 
Langhoff [6J, and Hirsch et aI. [7] which show that all 
low-lying excited states of HOCl are unstable :relative to 
dissociation and correlate with, HOe ll) and C1. 

Refell'encG!f 

flJ Ferguson, W. C. Slotin, L., and Style, D. W.C., Trans. Faradav 
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the Stratosphere. R. D. Hudson, editor (1977). 
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1604 (1979). . 
f5j Molina, LT., Ishiwata, T., and Molina, M. J .. submitted to J. 
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Reaction 

COFCI + h p~ CO + FCl (1) 
~ COF + Cl (2) 
~ COCl + F (3) 
~ CO + F + Cl (4) 
~ CFCI + Oep) (5) 

BAULCH ET AL. 

COFCI + h v~ products 

Primary photochemical transitions. 

266 
378 
489 
517 
706 

450 
316 
244 
231 
169 

Note: AHc
298 values are given since the heat of formation of COFCI at 0 K is not known. 

Absorption cross section data 

Quantum Yield Data: No experimental data available. 

Comments 

(a) Absorption cross sections measured at 296 K. 
Tabulated values averaged over 500 cm- l intervals. The 
spectrum shows some structure. 

Preferred Values 

Absorption cross sections for COFCI photolysis at 298 K 

A(nm) 1020 u/cm2 Mnm) 1020 ulcm2 

186.0 15.6 205.1 11.2 
187.8 14.0 207.3 10.5 
189.6 13.4 209.4 9.7 
191.4 12.9 211.6 9.0 
193.2 12.7 213.9 7.9 
195.] 12.5 216.2 

I 
6.9 

1'91.0 1:l.4 :llH.o 5.H 
]99.0 12.3 221.0 4.8 
201.0 12.0 223.5 4.0 
203.0 11.7 226.0 3.1 

Quantum yields for COFCI photolysis. at 298 K. 
No recommendation. 

Comments on Preferred Values 

The preferred values of the absorption cross sections 
are those reported by Chou et a1. [1]. Data attributed to 
Chou et aI. in Watson [2] has since been revised. 

Although there have been no quantum yield studies of 
COFCI photolysis it is reasonable to assume that by anal
ogy with COCl2 photolysis process (2) dominates. 

References 

[1) Chou, C. c., Crescentini, G., Vera-Ruiz, H., Smith, W. S., and 
Rowland, F. W., Presented at the 173rd American Chemical 
Society National Meeting, New Orleans, March 1977. 

{2] Watson, R. T., J. Phys. Chem. Ref. Data 6,871 (1977). 

CION02 + h V ~ products 

Reaction 

CIONOz + h v~ CIO + N02 (1) 
~ CI + NOs (2) 
~ C10NO + 0(3P) (3) 
~ CIONO + 0(1 D) (4) 

Primary photochemical transitions 

109 
166 
306 
496 

Note: Mfo298 values are given since the heats of formation of CIONOl! and CIONO at 0 K are not known. 
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AlhreshOld / nm 

lloo 
721 
391 
241 
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Absorption cross section data 

Wavelength range/nm Reference Comments 

215-300 

Quantum yield data 

Measurement Waveiengthlnm Reference Comments 

302.5 
260-380 

Smith., ChQu, and Rowland, 1977'(51 
Chang et at, 1979 [6} 

(e) 

(f) 

Comments. 

(a) Graphical representation of data. 
(L) AblSorpliofl Crul:'>b !Sections mea~ured at 296 K using 

an optical path length of 10 em. Values tabulated and 
shown graphically at 5 nrn intervals. 

(c) Ahsorption cross seetions measured using an op
tical pathlength of 10 em. Graphical representation of 
data. 

(d) Absorption cross sections determined at 227 K~ 243 
K and 296 K wilh a ~!JedIal relSuluLion of 0.2 nm u!;ing 
optical pathlengths of 10 and 180 em. Valnes tabulated 
and shown graphically at 5 nm intervals. 

(e) Photolysis of pure CION02 (10-100 Torr) at 302.5 
nm and 295 K using gas chromatography and infra-red 
spectroscopy for a quantitative product analysis. From 
the following measurements; <I>(~CION02) = 4.0 ± 0.6; 
IP(02) = 1.0 ± 0.15; ~(C12) = 2.0 ± 0.3 and <P(N2 0 S ) = 

and an assumed reaction mechanism, it was con
cluded that the dominant primary photolytic products are 
CIONO and O(~P). This cQndu:-.,iun was :mpPulted by I.ht 
observation that neither HeI nor HN03 were produced 
upon photolysis of CION02 /C2 Hn mixtures. Similar re
suits were reported for photolysis at 334.1 nm. 

(£) The Very Low-Pressure Photolysis (VLP <1» tech
nique, equipped with a modulated molecular-beam mass 
spectrometer, was used to monitor CION02 and its pho
tolY.5i5 product~. Ihoad hand photoly~i5~ 260 nm-380 
nm. <P(NOs) ?::0.5 ± 0.3; 4>(CI) = 1.0 ± 0.2; $(C10) 
:SO.03; <P(O~ 3P) -0.1 ± 0.02. Upon addition of C2 He, the 
appearance of He} confirmed the presence of atomic 
chlorine (in the absence of C2 }L, atomic chlorine recom
bines on the reactor walls to produce CI2). It was con
cluded that the predominant or, perhaps. exclusive 
p~ot()lysis pathway is (2). 
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Preferred Values 

Absorption cross sections for CION02 photolysis at 296 K, 243 K and 277 K 

102°(]"/cm2 

A/nm 296 K 243 K 227 K 

190 589 555 
195 381 358 
200 307 293 
205 299 293 

210 329 330 
215 360 362 
220 344 348 
225 286 282 
230 210 206 
235 149 141 
240 106 98.5 
245 77_0 70_6 
250 57.7 50.9 52.6 
255 44.7 39.1 39.8 
260 34.6 30.1 30.7 
265 26.9 23.1 23.3 
270 21.5 18.0 18.3 
275 16.1 13.5 13.9 
280 11.9 9.98 10.4 
285 8.80 7.73 7.50 
290 6.36 5.36 5.45 
295 4.56 3.83 3.74 
300 3.30 2.61 2.51 
305 2.38 1.89 1.80 
310 1.69 1.35 1.28 
315 1.23 0.954 0.892 
320 0.895 0.681 0.630 

Quantum yields for CIONb2 photolysis at 298 K. 

<1>2 = 1.0 for A >260 nm. 

Comments on Preferred Values 

The preferred values of the absorption cross sections 
are those of Molina and Molina [4]. The earlier measure

ments of Rowland et al. [2] and Jesson et al. [3] are 
typically 15-20% larger over most of the wavelength 
range, increasing to -40% near 400 nm. Preference is 
given to the data of Molina and Molina due to the utiliza
tion of a longer absorption cell, and more carefully puri
fied samples of ClON02 • The data of Molina and Molina 
shows that the maximum temperature effect occurs 
around 330 nm, and decreases at longer wavelengths. 
This observation was interpreted to mean that the 
shoulder from 320-450 nm is not due to the same elec
tronic transition that is responsible for the maximum 
around 220 nrn, and that the absorption cross sections of 
the weak band centered around 375 nm are not particu
larly temperature dependent. 

J. Phys. Chern. Ref. Data, Vol. 9. No.2, 1980 

102°(]"/cm2 

A/nm 296 K 243 K 227 K 

325 0.655 0.502 0.463 
330 0.514 0.381 0.353 
335 0.397 0.307 0.283 
340 0.323 0.255 0.246 
345 0.285 0.223 0.214 
350 0.246 0.205 0.198 
355 0.218 0.183 0.182 
360 0.208 0.173 0.170 
365 0.179 0.159 0.155 
370 0.162 0.140 0.142 
375 0.139 0.130 0.128 
380 0.122 0.114 0.113 
385 0.108 0.100 0.098 
390 0.090 0.083 0.082 
395 0.077 0.070 0.069 
400 0.064 0.058 0.056 
405 0.055 
410 0.044 
415 0.035 
420 0.027 
425 0.020 

430 0.016 
435 0.013 
440 0.009 
445 0.007 
450 0.005 

In view of the more direct nature of the photolysis 
study of Chang et al. [6] the results of this study are, for 
the present time, preferred over those of Smith et al. [5]. 
However, a more complete study of the photolysis prod
ucts over the entire wavelength range are required, espe
cially in view of the results of Molina and Molina [4] 
which indicate two distinct electronic transitions. 
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COCI2 + h v-?> products 

Reaction 

COC12 + h lJ--'J> CO + C12 (1) 
--'J> COCl + C1 (2) 
--'J> CO + 2Cl (3) 
~ CCl2 + Orp) (4) 

Primary photochemical transitions 

110 
324 
352 
707 

I 

A threshold / nm 

1087 
369 
340 
169 

Note: tUl°298 values are gi.ven since the heat of formation of COCl at 0 K is not known. 

Wavelength range/nm 

253.7 

200-290 
240-280 
184.9-226 

Measurement 

I 

\ 

I 

Comments 

Absorption cross section data 

Reference 

Hcicklen, 1965 [1] 

Moule and Foo, 1971 [2] 
Okabe, 1977 [3] 
Chou et aI., 1977 [4] 

Quantum yield data 

Wavelength/n:m Reference 

>220 
253.7 

Wijnen, 1961 [5] 
Heicklen, 1965 [1] 

Comments 

(a) 

(b) 

(c) 

(d) 

Comment!1-

Preferred Values 

(e) 

({) 

Absorption cross sedions for COCl2 photolysis at 298 K 

443 

(a) A value of (0.91 ± 0.01) x 10-3 mm- 1 cm-1 (base 
10) was reported for the extinction coefficient at 253.7 
nm. T = 298 K. This is equivalent to a value of (6.47 ± 
0.07) x 10-20 cm2 molecule-I. 

A (nm) ] Q20(TIc m2 A(nm) ]Q2°(T/cm2 

(b) A graph of optical density (OD) as a function of 
wavelength is shown. Approximate experimental condi
tions reported, i.e., 40 torr COC12 , 1 = 10 cm, T = 298 K. 
All bands at wavelengths greater than 285 nm observed 
to exhibit a strong temperature dependence. 

(c) Values tabulated for the extinction coefficient at 10 
nm intervals, and at 253.7 nm. T = 296 K. 

(d) Absorption cross sections measured at 296 K. 
Tabulated values averaged over 500 cm-1 intervals. Con
tinuum with little structure. 

(e) PholOlysis of COC12 /C 2 H 4 mixtures with broad 
band illumination, A >220 nm, from 291-403 K. Process 
(2) assumed to dominate. Yield of CO shown to be pro
portional tol 0 and [CoCt,]. No evidence for COC1 being 
stable--assumed to thermally dissociate into CO and Cl. 

(f) <P(CO) shown to be constant as a function of 10 
(253.7 nm) at 296 K. 

184.9 204 211.6 12.2 
186.0 189 213.9 11.7 
187.8 137 216.2 11.6 
189.6 117 218.6 11.9 
191.4 93.7 I 221.0 12.3 
193.2 69.7 223.5 12.8 
195.1 52.5 I 226.0 13.2 
197.0 

I 

41.0 240.0 12.2 
199.0 31.H 

I 

:l5U.U 8.36 
201.0 25.0 253.7 6.74 
203.0 

I 
20.4 260.0 4.43 

205.1 I 16.9 
I 270.0 1.58 

207.3 I 15.1 I 280.0 0.33 

209.4 I 13.4 I I I 

<1>2 = 1 for A > 184.9 nm. 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 
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Comments on Preferred Values 

The preferred values of the absorption cross sections 
are those reported by Chou et al. [4] for 184.9 nm :::; A 
:::;226 nm, and Okabe [3] for 240 nm :::; A :::;280 nm. The 
values reported by Heicklen [1] and Okabe [3] for the 
absorption cross section at 253.7 nm agree t,o within 
-4%. The relative values of the absorption cross sections 
with wavelength reported by· Moule and Foo [2] are in 
good agreement with the preferred values. Giddings and 
Innes [6] reported an absorption maximum at 232 nm 
which is in excellent agreement with the set of preferred 
values. 

From the observations of Wijnen [5], Heicklen [1] and 
earlier investigators [7], it can be assumed that process 
(2) is the primary photolysis pathway. The photolytic 
product COC] is assumed to unnergo rapin thermal dis

sociation into CO and CI due to the weak CI-CO bond 

(-25 kJ [8]). Both· Giddings and Innes [6] and Henri and 
Howell [9] noted diffuseness in their spectra of COC12 • 

References 

[1] Heicklen, J., J. Am. Chern. Soc., ,87,445 (1965). 
[2] MouIe, D. c., and Foo, P. D., J. Chern. Phys., 55, 1262 (l971). 
[3] Okabe, H., J. Chern. Phys., 66,2058 (1977). 
[4] Chou, C. c., Crescentini, G.,Vera-Ruiz, H., Smith, W. S., and 

Rowland, F. S., Presented at the 173rd American Chemical 
Society National Meeting, New Orleans (1977). 

[5] Wijnen, W. H. J., J. Am. Chern. Soc., 83,3014 (1961). 
[6] Giddings, L. E., Jr., and Innes, i<:. K., J. Mol. Spec., 8,328 (1962). 
[7] See references listed under reference 213, Chapter 3, page 239 of 

Calvert, J. G. and Pitts, J. N., Jr., "Photochemistry," John Wiley 
and Sons, Inc., New York (1966). 

[8] (a) Bodenstein, M., Brenschede, W., and Schumacher, H. J., Z. 
Physik. Chern., A 178, 123 (1936), (b) Burns, W. G., and Dain
ton, F. S., Trans. Faraday Soc., 48,39 (1952). 

[9] Henri, V., amI Huwell, O. R., Pwc. R. Suc. LumIul1 A 128, 178 
(1930). 

CF2 CI2 + hv.~ products 

Reaction 

CF2 Cl2 + hv-:, CF2 + Cl2 

-:, CF2 Cl + CI 
-:, CFCI + FCI 

(1) 
(2) 
(3) 

-:, CFCl2 + F (4) 
-:, CF 2 + 2Cl (5) 
-:, CFCI + F + CI (6) 

Primary photochemical transitions 

311 
346 
473 
477 
554 
724 

A threshold/ nm 

385 
346 
253 
251 
216 
165 

Note: 6.Ff0298 values are given since the heats of formation of CFCl2 and CF2 Cl at 0 K are not known. 

Wavelength range/nm 

-210-225 
-205-220 

120-200 
186-216.2 
174-216 
~M.Y 

185-230 
186-226 
159-240 
190-220 

Absorption cross section data 

Reference 

Larcher et aI., 1950 [1] 
Gordus, and Bernstein, 1954 [2] 
Doucet, Sauvageau and Sandorfy, 1973 [3] 
Rowland and Molina, 1975 [4] 
Robbins, Rose and Boykin, 1975 [5] 
Rebbert and Ausloos, lY75 l6J 
Bass and Ledford, 1976 [7] 

Chou et al., 1977 [8] 
Hubrich, Zetzsch and Stuhl, 1977 [9] 
Vanlaethem-Meucee, Wisemuecg and Simon, 1978 [10] 

Quantum yield data 

Comments 

(a) 
(b) 
(c) 
(d) 
(e) 
(1) 

(g) 
(d,h) 
(i) 
(j) 

Measurement Wavelength/nm Reference Comments 

<I>(-CF2 Cl2 ) = 1.12 ± 0.09 184.9 
<1>2 = 0.91, <1>5 = 0.09 213.9 
<1>2 = 0.64, <1>5 = 0.36 184.9 
<1>2 = 0.56, <1>5 = 0.40 163.3 
<1>2 -1.0 213.9 

Comments 

(a) Extinction coefficients plotted as a function of fre
quency. 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

Milstein and Rowland, 1975 [11] (k) 
Rebbert and Ausloos, 1975 [6] (1) 

]ayanty, Simonaitis, and Heicklen, 1976 [12] (m) 

(b) The extinction coefficients are plotted logarith
mically as a function of frequency. The value of (J" was 
stated to be 9.5 X 10-21 cm3 molecule- t at 209.6 nm. 
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(c) Results given in a figure of molar extinction coeffi
cient as a function of wavelength. The spectral region of 
stratospheric importance was not of prime interest in this 
study. 

(d) Absorption cross sections measured at 296 K. 
Tabulated values averaged over 500 cm-1 intervals. 

(e) Absorption cross sections tabulated at 2 nm in
tervals. Resolution = 0.07 nm. 

(f) Absorption cross sections determined at213.9 nm 
using a Zn arc from 234-442 K. Using the formulae of 
Chou et a1. [8], the data below 295 K can be fit if a value 
of 5.4 x 10-5 is used for constant B. 

(g) Absorption Gross sections determined at 0.2 nm 
intervals, with a spectral resolution of 0.05 nm at 296 K 
and 223 K. Values tabulated at 5 nm intervals in refer
ence [7], and at 2 nm intervals in Watson [13]. Using the 
formulae of Chou et al. [8], the data at 223 K fits if a value 
of 3.5 x 10-5 is used for the constant B. 

(h) Absorption cross sections determined at six tem
peratures in the range 212-257 K. Results tabulated and 
shown graphically in the form crT/cr296' The data can be 
fit with reasonable accuracy by the following three 
parameter equation: crT = cr296 exp(B(A-1849) (T -296» 
for wavelength, Min Angstrom units) and absolute tem
perature, T. The value of B is 3.6 X 10-5. Absorption 
cross sections have been tabulated for 230 K and 252 K 
in reference [14]. 

(i) Absorption cross sections shown graphically, and 
also tabulated for 208 K and 298 K at <3 nm intervals. 
Using the formula of Chou et a1. [8], the data at 208 K can 
be fit if Cl vwue uf 4.25 x 10-1; i~ u~ed for the eonl5tant B. 

(j) Absorption cross sections shown graphically, and 
also tabulated for 259 K, 279 K and 296 K at 2 nm and 500 
cm-1 intervals. Using the formulae of Chou et a1. [8], the 
data at 25S K and 279 K can be fit if values of 5.35 x 10-5 

and 4.4 x 10..,..5 are used for the constant B. Therefore, 
the best overall fit occurs if a value of 4.9 x 10-5 is used 
fUfO the cumslCluL D. 

(k) Photolysis of CF 2 Cl2 /02 mixtures at 184.9 nm. 
<I>(-CF2 CI2 ) and <I>(C02 ) determined gas chromato
graphically. <I> (C02 ) = 1.11 ± 0.05. The primary process 
was assumed to produce CF2 CI + CI (2). The CF2 CI was 
assumed to react with O2 to produce COF 2 through the 
CF2 CIOO intermediate. The COF2 was converted to CO2 

on the silica-gel column. 
(I) Photolysis of CF2 Cl2 /C 2 H6 mixtures. C2 H6 used 

as a CI atom scavenger. Gas chromatography, and mass 
spectrometry used to determine the product distribution. 
Based on an assumed reaction mechanism, and the prod
uct distribution, quantum yields are derived for C2 Hs, 
CF2 CI and CF2 • Although it was not possible to obtain an 
unambiguous answer as to whether the CF2 was pro
duced via process (1) or (5), the data (especially at 184.9 
nm and 163.3 nm) strongly. suggested that process (5) is 
more important than process (I). However, a value of <I> 1 

of :50.04 cannot be excluded. No evidence for breakage 
of C-F bonds was obtained, i.e., <1>3 == 4>4 == <1>6 
== <1>7 = o. 

(m) PhotolysiS of CF 2 Cl2 /02 mixtures at 298 K and 
213.9 nm. COF2 inferred to be a reaction product with a 

quantum yield, <I>(COF2 ), = 1.0 ± 0.2 by monitoring CO2 

by gas chromatography. COF2 was quantitatively con
verted to CO2 on the silica gel column. The quantum 
yield for Cl2 production, <I>(CI2 ), was determined to be 
0.52-0.66 using ultraviolet absorption detection. No ex
planation can be given for <I>(CI2 ) being less than 
<I>(COF2 ). These results were taken to indicate that pro
cess (2) is the dominant photochemical process with a 
quantum yield near unity. 

Preferred Values 

Absorption cross sedions for CF2 CI2 photolysis at 298 K 

A(nm) 1()2°0'/cm2 A (nm) 1()2°0'/cm2 

170 124 200 8.84 
172 151 202 5.60 
174 171 204 3.47 
176 183 206 2.16 
178 189 208 1.32 
180 113 210 0.80 
182 157 212 0.48 
184 137 214 0.29 
186 104 216 0.18 
188 84.1 218 0.12 
190 62.8 220 0.068 
192 44.5 225 0.022 
194 30.6 230 0.0055 
196 ?O,g 235 OJ)016 
198 13.2 240 0.00029 

Absorption cross sections for CF 2 Cl2 photolysis at temperatures 
below 298 K. O'T = 0'298 exp(B(A-1849) (T-298» for wavelength A (in 
Angstrom units) and absolute temperature, T. The value of B is 4.1 x 
10""? • 

Quantum yields for CF 2 C12 photolysis at 298 K 

A (nm) <1>2 <1>5 A (nm) <1>2 <1>5 

170 0.59 0.4] 2]0 0.85 0.15 
180 0.62 0.38 220 0.96 0.04 
190 0.67 0.33 230 1.0 
200 0.74 0.26 240 1.0 

Comments on Preferred Values 

The preferred absorption cross sections at 298 K are 
derived by taking the mean of the values reported by 
Rowland and Molina [4J, Robbins et al. [5J, Bass and 
Ledford [7], Chou et a1. [8], Hubrich et a1. [9] and 
Vanlaethem-Meuree et a1. [10]. The values reported in 
these studies are in excellent agreement, better than 
10%, uveJ the cumpleLe WCl vdengLh rangt:. The Lt:IIlpt:Hl

ture dependence of the absorption cross sections can be 
adequately described by the expression shown. The 
values of B that best fit the reported data range from 3.5 
X 10-5 to 5.4 X 10-5 • Therefore, the preferred value of 
4.1 x 10-5 for B is a weighted average of all the derived 
values from references [6-10], This expression is valid 
for wavelengths greater than 184.9 nm. At wavelengths 
shorter than 184.9 nm the absorption cross sections are 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 
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not expected to exhibit any significant temperature 
dependence, indeed, Hubrich et al. [9) show slightly 
higher values for (1" below 184.9 nrn at 208 K. 

The preferred values for ct>2, the quantum yield for 
CF2 CI production, were derived by fitting a smooth 
curve (s-shaped) to the data points reported by Rebbert 
and Ausloos [6] at 163.3 nm (¢12 = 0.56), 184.9 nm (¢12 = 
0.64), 213.9 nm (<1>2 = 0.91), and ;;:::230 nm (<1>2 assumed 
to be unity) and interpolatirig between these points. The 
values shown for <Ps, the quantum yield for CCl2 produc
tion, equal 1-<P2 • Processes (1) and (5) are equivalent in 
the atmosphere due to the rapid photolysis of C12 • There
fore, even if process (1) had contributed to the production 
of CC12 radicals in the quantum yield studies it is of little 
consequence for photochemical modelling of the strato
sphere. 
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CFCls + h V ~ produd!lO 

Reaction 

CFCla + hv ~ CFCl2 + Cl (1) 

~ CFCl + C12 (2) 
~ CCla + F (3) 
~ CC12 + FCI (4) 
~ CFCI + 2C1 (5) 

~ CC12 + F + CI (6) 

Primary photochemical transitions 

310 
315 
444 
472 
558 
724 

Note: Mr298 values are given since the heat of formation of CFC12 at 0 K is not known. 

Wavelength range/om 

-2,)0-245 
-215-235 

120-2l4 
186-226 
174-238 
148-225 
185-210 
185-230 
186-226 
158-275 
190-220 

<1>1 = 0.98, 4>5 ~O.05 
<1>1 = 0.70, <1>5 -0.30 
WJ = 0.50, W5 -0.45 
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Absorption cross section data 

Reference 

Larcher et al.. 1950 [1) 
Gordus and Bernstein, 1954 [2] 
Doucet, Sauvageau and Sandorfy, 1973 [3] 
Rowland and Molina, 1975 [4] 
Robbins, Rose and Boykin, 1975 [5] 
Huebner et aI., 1975 [6] 
Green and Wayne, 1975 [7) 
Bass and Ledford, 1976 [8] 
Chou et aI., 1977 [9] 

I 

I 
Hubrich, Zetzsch, and Stuhl, 1977 [l0] I 
Vanlaethem-Meuree, Wisemberg and Simon, 1978 [Il]1 

213.9 
184.9 
163.3 

Qu.:mtum yidd da.ta 

Rebbert and Ausloos, 1975 [13J 

! 

1975 

h thresbold I nm 

386 
380 
269 
253 
214 
165 

Comments 

(Il) 

(b) 
(c) 
(d) 

(e) 

(f) 
(g) 
(h) 

(i,d) 
(j) 
(k) 

(m) 

(n) 
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Comments 

(a) Extinction coefficients plotted as a function of fre
quency. 

(b) The extinction coefficients are plotted logarith
mically as a function of frequency. The value of u was 
stated to be 9.5 x 10-21 cm2molecule- 1 at 225 nm. 

(c) Results given in a figure of molar extinction coeffi
cient as a function of wavelength. The spectral region of 
atmospheric importance was not of prime interest in this 
study. 

(d) Absorption cross sections measured at 296 K. 
Tabulated values averaged over 500 cm-1 intervals. 

(e) Absorption cross sections tabulated at 2 nm in
tervals. Resolution = 0.07 nm. 

(£) Apparent absorption cross sections tabulated at 
<5 nm in·tervals. Derived from electron energy-Io~:5 mea

surements. 
(g) Absorption cross sections measured at --300 K 

shown graphically. Spectral bandwidth sO.5 nm. Preci
sion reported to vary between 10 and 30%. 

(h) Absorption cross sections determined at 0.2 nm 
intervals, with a spectral resolution of 0.05 nm at 296 K 
and 223 K. Values tabulated at 5 nm intervals in refer
ence [8], and at 2 nm intervals in Watson [15]. 

(i) Absorption cross sections determined at 213 K, 
232 K and 252 K. Results given in a figure of UT/U296' The 
data have been tabulated for each temperature in refer
ence [16]. 

(j) Absorption cross sections shown graphically, and 
also tabulated for 208 K and 298 K at <5 11m illtenab. 

(k) Absorption cross sections shown graphically, and 
also tabulated for 255 K, 279 K and 296 K at 2 nm and 500 
cm-1 intervals. 

(1) Photolysis of CFCla/NO and CFCla/02 mixtures at 
213.9 nm. Observation of CFCl2 NO as a reaction product 
was taken to indicate that <PI was the dominant primary 
process. 

(m) Photolysis of CFCla/C2 lis mixtures. C2 H6 used as 
a CI atom scavenger. Gas chromatography and mass 
spectrometry used to determine the product distribution. 
Based on an assumed reaction mechanism, and the prod
uct distribution, quantum yields are derived for C2 Hs , 
CFCI2 and CFCI. The data strongly suggest that at both 
213.9 nm and 184.9 nm the quantum yield for removal of 
CFCla is unity, that elimination of Cl2 (process 2) is unim
portant, and that C-F bonds are not broken even at 
shorter wavelengths (163.3 nm and 147 nm). 

(n) Photolysis of CFCla/02 and CFCla/Oa mixtures at 
298 K and 213.9 nm. COFCI inferred to he a reaction 
product with a quantum yield, <t>(COFCl)~ = 0.9 ± 0.15 
by monitoring CO2 by ga:5 duulllalugnlphy. COFC} was 
quantitatively converted to CO2 on the silica gel column. 
The quantum yield for C12 production, cI>(CI2 ), was deter
mined to be 0.50 .... 0.63 using ultraviolet absorption detec
tion. No explanation can be given for <P(CI2 ) being lower 
than cp(COFCI). These results were taken to indicate that 
process (I) is the dominant photochemical process with a 
quantum yjdd near unity. 

Preferred Values 

Absorption cross sections for CFCl:; photolysis ~t 298 K 

A(nm) 1()2°cr/cm2 A (nm) l()2°cr/cm2 

170 316 210 15.4 
172 319 212 10.9 
174 315 214 7.52 
176 311 216 5.28 
178 304 218 3.56 
180 308 220 2.42 
182 285 222 1.60 
184 260 224 1.10 
186 233 226 0.80 
188 208 228 0.55 
190 178 230 0.35 
192 149 235 0.126 
191 123 240 0.0464 

196 99 245 0.0184 
198 80.1 250 0.00978 
200 64.7 255 0.00586 
202 50.8 260 0.00225 

204 38.8 265 0.00176 
206 29.3 270 0.00124 
208 21.2 ! 275 0.00093 

Absorption cross sections for CFC13 photolysis at 
temperatures below 298 K 

1()2°cr/cm2 

A(nm) 210K 225K 255K 

190 178 178 178 178 
195 105 107 108 109 
200 58 60 61 62 
205 28 30 31 32 
210 10.8 11.9 13.1 13.6 
215 3.8 4.2 4.8 5.2 
220 1.2 1.4 1.5 1.7 

Quantum yields for CFCl3 photolysis at 298 K 
. .. 

A (nm) 4>1 <1>5 A(nm) CP1 CPs 

160 0.48 0.52 200 0.84 0.16 
170 '0.57 0.43 210 0.94 0.06 
180 0.66 0.34 220 1.0 
190 0.74 0.26 230 1.0 

Comments on Preferred Values 

The preferred absorption cross sections at 298 K are 
derived by taking the mean values reported by Rowland 
and Molina [4], Robbins et a1. [5], Bass and Ledford [8], 
Chou et a1. [9], Hubrich et a1. [10] and Vanlaethem
Meuree et a1. The values reported in these studies are in 
excellent agreement, better than 10% over the wave
length range :--180 nm s A s230 nm. The values shown 
for A >230 nm are those reported by Hubrich et a1. [l01-
The temperature dependence of the absorption cross 
sections cannot be fit to a simple expression relating u 

J. Phylt. Chetn. Ref. Dutu, Vul. 9. Nu. 2, 1980 
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and T as was the case for CF2 C12 • However, the magni-
1 ude of the temperature dependence .of the CFCla ab
sorption cross sections near 200 nm is much smaller than 
for CF2 C12 • The temperature dependences reported by 
Bass and Ledford [8], Chou et al. [9] and Hubrich et a1. 
[10] are in good a~reement. However, the low tempera
ture data of Vanlaethem-Meurre et a1. [11] is in less 
satisfactory agreement. Vanlaethem-Meuree et a1. [11] 
reported a temperature dependence for 0" even at short 
wavelengths, i.e., A ::5200 11111. Thi5 i5 incon15i~tent with 
the data reported in the other studies [8-10], especially 
considering the limited temperature range of their study. 
The preferred absorption cross sections at temperatures 
below 298 K were derived from the data reported in refer
ences [8-10]. Values were estimated for 0"(T)/0"(298 K) at 
5 nm intervals from 190-230 nm for 210 K, 225 K, 240 K 
and 255 K (temperature range relevant to photochemical 
models of the stratosphere). These estimated values of 
0"(T)/0"(298 K) were then combined with the preferred 
values of the absorption cross sections at 298 K. 

The preferred values for <Pi' the quantum yield for 
CFCl2 production, were derived by fitting a smooth line 
to the data points reported by Rebbert and Ausloos [13] 
(iL 163.3 U11l (<P1 0.5), 104.9 nm (<PI .... 0.7),213.9 nm (<P1 
= 0.98), and 230 nm (<PI assumed to be unity), and inter
polating between these points. The values shown for <1>5, 
the quantum yield for CFCI production, equal 1-<1>1' 
Processes (2) and (5) are equivalent in the atmosphere 
due to the rapid photolysis of C12 • Therefore, even if 
process (2) had contributed to the production of CFCI 

radicals in the quantum yield studies, it is oflittle conse
quence for photochemical modeling of the stratosphere. 

References 

[1] Larcher, J. R, Hummel, L. E., Bohmfalk, E. F., and Park, J.D., 
. J. Am. Chern. Soc., 72,5486 (1950). 

[2J Gordus, A. A., and Bernstein, R. B., J. Chern. Phys., 22, 790 
(1954). 

[3] Doucet,]., Sauvageau, P., and Sandorfy, C., J. Chern. Phys., 58, 
3708 (1973). 

[4] Rowland, F. S., and Molina, M. J., Rev. Geophys. Space Phys., 
13, 1 (1975). 

[5] Robbins, D. E., Rose, L. J., and Boykin, W. R, Johnson Space 
Center Internal Note, JSC-09937 (1975). 

[61 Huebner, R. H., Bushnell, Jr., D. L., Celotta, R. J., Mielczarek, 
S. R, and Kuyatt, C. E., Nature, 257,376 (1975). 

[7] Green, R G., and Wayne, R. P., J. Photochem., 6,375 (1976/77). 
[8] Bass, A. M., and Ledford, Jr., A. E., 12th Informal Conference on 

Photochemistry, NBS Special Publication *526, 282 (1976). 
[91 Chou, C. C., Smith, W. S., Vera-Ruiz, H., Moe, K., Crescentina, 

G., Molina, M. J., and Rowland, F. S., J. Phys. Chern., 81,286 
(1977). 

[lO] Hubrich, C., Zetzsch, C., and Stuhl, F., Ber. Bunsenges. Phys. 
Chern., 81,437 (1977). 

[11] Vanlaethem-Meurre, N., Wisemberg, j., and Simon, P. C., Bull. 
Acad. R Belgique, C1. Sci., 64,42 (197B). 

[iZ] Marsh, D., and Heicklen, J., J. Phys. Chern., 69,4410 (1965). 

[13] Rebbert, R. E., and Ausloos, P. J., J. Photochern., 4,419 (1975). 
[14] Jayanty, R. K. M., Simonaitis, R, and Heicklen, J., J. Photo-

chern., 4, 381 (1975). 
[15] Watson, R T., J. Phys. Chern. Ref. Data, 6,871 (1977). 
[16] Chemical Kinetic and ·Photochemical Data for Use in Strato

spheric Modelling, Evaluation *2, NASA Panel for Data Eval
uation. JPL Publication *79-27 (1979). 

CCI4 + hv ~ products 

Reaction 

CCl4 + hv ~ CCla + C1 (1) 

~ CCl:; + C12 (2) 
~ CCl2 + 2CI (3) 
~ CCl + C12 + CI (4) 

Wavelength range/nm 

-230-260 
205-250 
110-200 
250 

184.9; 253.7 
186-226 
174-238 

313 
190-252 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

Primary photochemical transitions 

294 
332 
572 
716 

Absorption cross section data 

Larcher et aI., 1950 [1] 
Gordus and Bernstein, 1954 [2] 
Russell, Edwards and Raymonda, 1973 [3J 
Curie, Sidebottom and Tedder, 1974 [4] 
Davis et al., 1975 [5] 
Rowland and Molina" 1975 [6] 
Robbins, Rose and BoykIn, 1975 [7] 

Rebbert and Ausloos, 1976 [8] 
Vanlaethem-Meuree, Wisemberg and Simon, 1978 [9] 

A threshold / nm 

4U7 

360 
209 
167 

t.ommf'nt" 

(a) 

(b) 
(c) 
(d) 
(e) 
(f) 
(g) 

(h) 
(i) 
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Quantum yield data 

Measurement Wavelength/nm Reference Comments 

<1>1 -1,<1>2 >0 250 Curie, Sidebottom, and Tedder, 1974. [4] (j) 

<1>1-1 253.7 Davis et aI., 1975 [5] (k) 

4>1 -0.4, 4>2 + 4>3 -0.6 184.9 
<1>2 -1 Oow pressure) 213.9 Jayanty, Simonaitis, and Heicklen, 1975 [10] 0) 
<1>1 -1 (high pressure) 
<1>1 = 0.9. <1>9 + <1>9 = 0.05 213.9 Rebbert and Ausloos. 1976 [8J (m) 
<1>1 = 0.25, <1>2 + <1>3 = 0.76 163.3 

Comments 

(a) Extinction coefficients reported in graphical form. 
(b) . Extinction coefficients shown graphically, and 

also tabulated at :55 nmintervals. 
(c) Absorption cross sections reported graphically 

from 110-200 nm. The region of stratospheric interest, A 
> 185 nm, was not of prime interest in their study. 

(d) The temperature dependence of the extinction 
coefficient at 250 nm was shown graphically for the tem
perature range 297-477 K. Within this range, the value 
of (; was shown to increase by a factor of --15. 

(e) Absorption cross sections were explicitly reported 
at four wavelengths includin.g: 6.85 X 10-21 cm2 mole
cule-I (253.7 nm), and 3.94 X 10-18 cm2molecule-1 (184.9 
nm) (this assumes the reported values of e(cm-1atm-1) 
were to the base 10). In addition to the tabulated data, 
Davis et a1. reported the absorption spectrum in graph
ical form from 120-200 nm. However, this figure is cos
metic and data derived from it should not be used (the 
drifting baseline was not shown). 

(f) Abs9rption cross sections measured at 296 K. 
Tabulated values averaged over 500 cm-1 intervals. 

(g) Absorption cross sections tabulated at 2 nm in
tervals. Spectral resolution = 0.07 nm. 

(h) Values of -::; (3_7 + 0.4) X 10-26 and 2.3 X 10-25 

cm2 molecule-1 were reported for 0'(313 nm) at 300 K and 
376 K, respectively. These values were determined by 
photolyzing CC~/CI atom scavenger mixtures at 313 nm 
and using gas chromatography for product analysis. The 
absorption cross sections were derived assuming that 
each photon absorbed produced a CI atom which was 
then scavenged by C2Hs . 

(i) Absorption cross sections shown graphically, and 
also tabulated for 279 K and 298 K at 2 nm and 500 cm-1 

intervals. 
(j) From the photolysis of CC~/cyclohexane mixtures 

at 250 nm, and between 308 K and 558 K, it was deduced 

from the gas chromatographic analysis of the product 
distribution that although process (1) was the major 
route, process (2) was also significant. However, no 
quantitative information on the relative magnitudes of 
<1>1, and <1>2 was reported. 

(k) CC4 and CC4/Br2 mixtures were photolyzed at 
several wavelengths (253.7, 184.9, 147.0 and 106.7 nm) at 
298 K. From a gas chromatographic analysis of the reac
tion products, Davis et a1. determined values for 
<I>(-Br2), <I>(CCI.1.'Bry), etc., and deduced that 4>1 ~ unity 
at 253.7 nm, and «PI ~O.1., and t:P:,: + tP;:s ~O.6 at 134.9 nm. 
From the experimental data it was deduced that CC12 

radicals rapidly insert into CC~ to form C2 C1., *, which 
can either be quenched to form C2 Cis or can decompose 
to form 2CCla radicals. 

(1) CC~ 102 and CC~ lOa mixtures were photolyzed at 
298 K. Quantitative analysis of the reaction products, 
COC12 and C12 , was performed using gas chromatog
raphy and infra-red and ultraviolet absorption spectro
scopy. The results were interpreted in terms of an ex
cited CC~ * mechanism. Jayanty et al. postulated that at 
low pressures the -ce~ * complex entirely decomposes 
into CCl2 (singlet) and e12 , whereas at higher pressures 
CC~ * is quenched to CC~ ** which then decomposes 
into Cel;} and CL These authors, like Davis et al. [5], 
assume that· CCl2 radicals insert into ce~ to produce 
2CCla radicals which then react with O2 or Oa to produce 
COCI2 • At low total pressures <I>(COCI2 ) was determined 
to be -2. 

(m) CClt was photolyzed in the presence of HCI, HBr 
and C2 H6 at several wavelengths (213.9, 163.3 and 147.0 
nm). From the gas chromatographic detection of the 
reaction products it was concluded that <1>1 = 0.9, <1>2 + 
4>3 = 0.05 at 213.9 nm; <1>1 = 0.25, 4>2 + 4>3 = 0.76 at 
163.3 nm. In contrast to Davis et al. [5] and Jayanty et a1.. 
[10], Rebbert and-Ausloos concluded that CC12 radicals 
do not insert into ec~ to produce two CCla radicals .. 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 
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Preferred Values 

Absorption cross sections for CC4 photolysis at 298 K 

).(nm) 1()2°u/cm2 ).(nm) 1()2°u/cm2 

174 995 214 33.3 
176 1007 216 27.2 
178 976 218 21.8 
180 772 220 17.0 
182 589 222 13.0 
184 450 224 9.61 
186 318 226 7.19 
188 218 228 5.49 
190 144 230 4.07 
192 98.9 232 3.01 
194 74.4 234 2.16 
196 68.2 236 1.51 
198 66.0 238 1.13 
200 64.8 240 U.7H4 
202 62.2 242 0.579 
204 60.4 244 0.414 
206 56.5 246 0.314 
208 52.0 248 0.240 
210 46.6 250 0.189 
212 39.7 252 0.150 

Absorption cross sections for CC4 photolysis at 279 K 

).(nm) 1()2°u/cm2 ).(nm) 1()2°uicm2 

190 146.9 216 27.4 
192 99.2 218 22.0 
194 76.7 220 17.5 
196 69.5 222 13.4 
198 68.0 224 9.72 
200 66.0 226 6.90 
202 63.8 228 5.13 
204 60.9 230 3.67 
206 57.4 232 2.52 
208 52.9 234 1.67 
210 47.1 236 1.17 
212 40.8 238 0.79 
214 33.9 

Quantum Yields for CC4 photolysis at 298 K 

).(nm) <1>1 <1>3 ).(nm) <1>1 <1>3 

170 0.3 0.7 210 0.83 0.17 
180 0.36 0.64 220 0.96 0.04 
190 0.46 0.54 230 1.0 
200 0.63 0.37 240 1.0 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

Comments on Preferred Values 

The preferred values of the absorption cross sections 
at 298 K are derived by taking the mean of the values 
reported by Gordus and Bernstein [2], Rowland and Mo
lina [6], Robbins et al. [7] and Valllaethem-Meuree et al. 
[9]. The agreement between the values reported in these 
studies is excellent, better than 10%, over the entire 
wavelength range. The preferred values of the absorption 
cross sections at 279 K are those reported by Vanlaethen
Meuree et al. [9] and represent the only data below -298 
K. A comparison of the two sets of preferred values illus
trates that u exhibits no temperature dependence within 
the stratospheric window, i.e., ....., 180-220 nm. At wave
lengths greater than 230 nm the results of Vanlaethen
Meuree et al. [9], Curie et al. [4] and Rebbert and Aus
loos [8] all suggest that u exhibits a strong temperature 
dependence. 

The preferred values for <P1 , the quantum yield for 
CCla production, were derived by .fitting . a smooth 
s-shaped curve to the data points reported by Davis et al. 
[5] at 184.9 nm (CPI = 0.4) and 253.7 nm (<1>1 = I), and by 
Rebbert and Ausloos [8] at 163.3 nm (<1>1 = 0.25) and 
213.9 nm (<PI = 0.9). and interpolating between these 
points. The values shown for <1>3, the quantum yield for 
CC12 production, equal I-CPl' Processes (2) and (3) are 
equivalent in the atmosphere due to the rapid photolysis 
of C12 • Therefore, even if process (2) had contributed to 
the production of CCl2 radicals in the quantum yield 
studies, it is of little consequence for photochemical 
modelling of the stratosphere. 
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0+ HBr.-? HO + Br 

451 

ARO = -61.9 k.J mol- 1 

Rate coefficient data 

klcm3 molecule-I S-I Temp.IK 

Absolute Rate Coefficients 
(4.4 ± 1.0) x 10-14 298 
(4.0 ± 0.7) x 10-12 exp(-(1359 ± 50)1T) 267-430 
(4.45 ± 0.2) X 10-14 303 
(1.34 ± 0.14) X 10-11 exp(-(1807 ± 4O)1T) 298-554 
3.1 X 10-14 298 

Reviews and Evaluations 
7.6 X 10-12 exp(-15711T) 267-430 

Comments 

(a) Discharge flow: EPR detection of 0, Br and HO. 
(b) Discharge flow: chemiluminescence detection of 0 

via the 0 + NO.-+ N02* afterglow. 
(c) Slow flow: molecule modulation technique. Atomic 

oxygen produced from the Hg photosensitized decompo
sition of N2 0, and detected via the 0 + NO-+ N02 oj. 

afterglow. 
(d) This evaluation was based on the data reported in 

references [1-3], misquoted in NASA 1010 notes. 

Preferred Value 

k = 3.9 X 10-14 cm3 molecule- l S-1 at 298 K. 
k = 7.0 X 10-12 exp(-15601IT) cm3 molecule- l s- t over 

range 250-400 K. 

Reliability 

Il log k = ± 0.2 at 298 K. 
Il (EIR) = ± 300 K. 

Reference Comments 

Takacs and Glass, 1973 [1] (a) 
Brown and Smith, 1975 [2] (b) 

Singleton and Cvetanovic, 1978 [31 (c) 

NASA, 1977 [4] (d) 

Comments on Preferred Values 

As the values reported for k at 298 K [1-3] are in fair 
agreement, the mean is taken to he the preferred value. 

The agreement between the values deduced from the 
Arrhenius expressions reported at stratospheric temper
atures is rather poor, e.g. the values differ by -70% at 
250 K. The preferred value has been derived to best fit 
both sets of data between 250 and 400 K. The A -factor 
derived for the preferred expression and that reported in 
reference [2] appear to be lower than would be expected. 
This, combined with the absence of data at stratospheric 
temperatures leads to considerable uncertainty in the 
values of k between 200 and 260 K. 
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o + BrO.-? O2 + Br 

IlRO = - 263.3 k.J mol- 1 

Rate coetlicient data 

k Icm3 molecule-1 5-1 Temp.IK Reference Comments 

Absolute Rate Coefficients 
(2.5_J.5 +2.5) X 10-11 298 Clyne, Monkhouse and Townsend, 1976 [1] (a) 

Relative Rate Coefficients 
~6.6 X 10-11 293 Clyne and Cruse, 1970 [2] (b) 

Reviews and Evaluations 
3 X 10- 11 298 NASA, 1977 [3] (c) 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 
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Comments 

(a) Discharge flow: resonance fluorescence detection 
of Br and O. The value shown was derived from two 
independent methods of determining the rate constant: 
(a) monitoring Br atom formation in the absence of NO 
yielded a value of (1.0_0 .7+

2.0) X 10-11 cm3 molecule- 1 s-1
, 

(b) monitoring 0 atom decay in the absence of NO 
yielded a value of (7_6+4) X 10-11 cm3 molecule- 1 s-1

• The 
authors reported that the Br atom formation rate data are 
rather more sensitive to the magnitude of k than are the 
o atom decay data. Therefore, the value shown in the 
table reflects the results obtained from both sets of data. 

(b) Discharge. flow: UV absorption detection of BrO. 
Atomic oxygen was added to a known [Br2], and from the 
observed BrO concentration a value of ;:::40 was deduced 
for klk (0 + Br2)' The authors obtained their lower limit 
of k by assuming that k(O + Br2) was ;:::1.7 X 10-12 

cm3 molecule-1 s-1 • Based on the recent [1] value of k(O 
+ Br2) of 1.4 X 10-11 cm3 molecule-1 S-1, it is clear that 
tht latio lepulted lUU~t be wrong and thu:5 rejected. 

(c) Based on the data shown in reference [1]. 

IlRO = -151 kJ mol- 1 

Rate Coefficient Data: no experimental data available. 

Preferred Value 

Reliability 

Il log k = ± 0.7 at 298 K. 

aRO = -9.9 kJ mol- 1 

Preferred Value 

Reliability 

a log k = ± 0.5 at 298 K. 

Comments on Preferred Value 

This value appears to be reasonable in the light of the 
known reactivity of CIO radicals with atomic oxygen. 
The temperature dependence of k is expected to be small 
for such an atom-radical process, e.g., 0 + CIO. 
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Comments, on Preferred Value 

The rate constant for such an atom-radical process is 
expected to be rapid and relatively insensitive to temper
ature. 

Rate coefficient data 

Absolute Rate Coefficients 
=::2 x 10-1 .. 

Reviews and Evaluations 
5 x 10-12 exp ( - 15701T) 

Comments 

Temp.1K 

298 

200-300 

(a) Unpublished data. Discharge flow: mass spectro
metric detection of H2 O2, 

(b) An estimate based on the provisional value re
ported for k at 298 K by Leu and DeMore [1]. 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

Reference Comments 

Lt:u CillU Dt:Muft:, 1978 [1] (a) 

NASA, 1977 [2] (b) 

Preferred Value 

Reliability 

A log k = =~:~ at 298 K. 
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Comments on Preferred Values 

No temperature dependent data available. An estimate 
for the Arrhenius expression would be: k <5 x 10-12 

exp (-1570IT) cm3 molecule-1 S-1. The A -factor was cho
sen to be consistent with that determined for the Cl + 
H2 O2 reaction. 

~HO = -129 kJ mol- 1 

References 

[1] Leu, M. T., and DeMore, W. B., unpublished data, Jet Propulsion 
Laboratory, 1978. 

[2] NASA Ref. Pub. =IF 1010, "Chlorofluoromethanes. and the Strato
sphere," Chapter 1, R. D. Hudson, editor (1977). 

Rate coefficient data 

klcm3 molecule- I S-1 Temp.IK 

Absolute Rate Coefficients 

> 1.6 X 10-12 -300 
(3.4 ± 1.0) X }C-13 300 
(7_4+1) X 10-13 300 
0.19 ± 0.2) X 10-12 2QR 
(3.34 ± 0.4) X 10- 11 exp(-(978 ± 36)rr) 224-425 
(1.16 ± 0.16) X 10-12 298 
(7.74 ± 0.5) X 10-12 exp(-(603 ± 16)rr) 200-360 
(1.01 ± 0.18) X 10- 12 298 
(9.45 ± 2.48) x 10-12 exp(-(659 ± 64)([') 234-360 
(1.12 ± 0.07) x 10-12 298 

Reviews and Evaluations 
3.0 X lO-11 exp(-937IT) 224-425 

Comments 

(a) Discharge flow: UV absorption detection of 03' 
(b) Discharge flow: mass spectrometric detection of 

0 3 , 

(c) Flash photolysis: resonance fluorescence detection 
ofBr. 

(d) Discharge flow: resonance fluorescence detection 
ofBr. 

(e) Second order conditions. 
(f) Value based on unpublished data of Leu and De

More. 

Preferred Value 

k = 1.1 X 10-12 cm3 molecule-1s-1 at 298 K. 
k = 1.4 X 10-11 exp(-760IT) cm3 molecule- 1 8-1 over 

range 220-360 K. 

Reliability 

~ log k = ± 0.1 at 298 K. 
~ (EIR) = ± 200 K. 

Reference Comments 

Clyne and Coxon, 1968 [1] (a,e) 
Clyne and Cruse, 1970 [2} (a) 
Cruse, 1971 [3] (a) 
Clyne Anti Wllt!'.on, 1975 [4] (b) 

Leu and DeMore, 1977 [5] (b) 

Michael et al.. 1978 [6] (c) 

Michael and Payne, 1979 [7] (d) 

NASA, 1977 [8] (f) 

Comments on Preferred Values 

The results reported for k at 298 K in references [4-7] 
are in excellent agreement, and the preferred value is 
derived by taking a simple mean of these four values. 
The temperature dependences reported for k in refer
ences [5-7] are only in fair agreement. There is a spread 
of 25% in k at 220 K and 50% at 360 K. Although the 
results reported in references [6] and [7] are in good 
agreement, there is no reason at present to discard the 
results of reference [5]. Therefore, until further results 
are reported, the preferred value has been del-ived tu fil 
the data reported in references [4-7]. 

References 

[I] Clyne, M. A. A., and Coxon, J. A., Proc. R. Soc. London Ser. A 
303, 207 (1968). 

[2] Clyne, M. A. A., and Cruse, H. W., Trans. Faraday Soc. 66,2214 
(1970). 

[3] Cruse, H. W., Ph.D. Thesis, QMC London University (1971). 
[4] Clyne, M. A. A., and Watson, R. T., J. Chern. Soc. Faraday Trans. 

I 71, 336 (1975). 
[5] Leu, M. T., and DeMore, W. B., Chern. Phys. Lett. 48,317 (1977) 
[6J Michael, J. V., Lee, J. H., Payne, W. A., and Stief, L. J., J. Chern. 

Phys. 68,4093 (1978). 
[7] Michael, J. V., and Payne, W. A., Int. J. Chern. Kinet., II, 799 

(1979). 
[8] NASA Ref. Pub. =IF 1010. "Chlorofluoromethanes and the Strato

sphere", Chapter 1, R. D. Hudson, editor (1977). 
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IlHO = -132.6 kJ mol-

Rate coefficient data 

k lem3 molecule-1 S-I Temp./K 

Absolute Rate Coefficients 

(5.1 ± 1.0) x 10- 12 295 
(1.19 ± 0.12) x 10- 11 249-416 
(1.17 ± 0.10) x 10- 11 298 

Relative Rate Coefficients 

-2.65 X 10- 11 1875-1975 

Reviews and Evaluations 
5.1 X 10-12 298 

Comments 

(a) Discharge flow: EPR detection of HO. Secondary 
reactions involving HO were only of minor importance. 

(b) Flash photolysis: resonance fluorescence detection 
ofHO. 

(c) k estimated from flame inhibition study. 
(d) Value reported in reference [1]. 

Preferred Value 

k = 8.5 X 10-12 cm3 molecule- t S-l over range 249-416 
K. 

Reliability 

Il log k = ± 0.3 at 298 K. 
Il (EIR) = ± 250 K. 

IlHO = - 80 kJ mol- 1 

Reference Comments 

Takacs and Glass, 1973 [lJ (a) 
Ravishankara, Wine and Langford, .1979 [2] (b) 

Wilson, O'Donovan and Fristrom, 1969 [3] (c) 

NASA, 1977 [4] (d) 

Comments on Pre/erred Values 

Takacs and Glass combined the results of studies, [1] 

and [3], and obtained the following Arrhenius expres
sion, (3.7 ± 0.7) X 10-11 exp(-(579 ± 70)IT) cm3 mole
cule-1 g-1. However, this expression is not recommended 
as the extrapolation is over too wide a temperature range. 
The two values reported for k at 298 K differ by a factor 
of 2, therefore until another study is performed~ the pre
ferred value is taken to be a simple mean of these values 

[1,2]. The data reported by Ravishankara et a1. [2] shows 
that the rate constant exhibits no temperature depend
ence between 249-416 K. This observation is compatible 
with the estimated A -factor being comparable to the 
value of k at 298 K. 

References 

[1] Takacs, G. A., and Glass, G. P., J. Phys. Chern. 77, 1060 (1973). 
[2] Ravishankara, A. R., Wine, P. H., and Langford, A. 0., Chem. 

Phys. Lett., 63.479 (1979). 
[3] Wilson, W. E., O'Donovan, J. T., and Fristrom, R. M., Symp. 

Combust. 12th, 929 (1969). 
[4] NASA Ref. Pub. :#= 1010, "Chlorofluoromethanes and the Strato

sphere," Chapter 1, R. D. Hudson, editor (1977). 

Rate coefficient data 

k / ems molecule- 1 S-I Temp./K Reference Comments 

Absolute Rate r, .,.. 

(3.5 ± 0.8) X 10- 14 298 Howard and Evenson, 1976 [1] (a) 

(7.93 ± 0.79) x 10-13 exp(-(889 ± 53)/T) 244-350 Davis et a1., 1976 [2] (b) 
(4.14 ± 0.43) x 10-14 298 

Reviews and Evaluations 

7.93 X 10- 18 exp(-8891T) 244-350 NASA, 1977 [3] (c) 

J. Phys. Chern. Ref. Data, Vol. 9. No.2, 1980 
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Comments 

(a) Discharge flow: laser magnetic resonance detec
tion of HO. 

(b) Flash photolysis: resonance fluorescence detection 
ofHO. 

(e) Expression reported in reference [2]. 

Preferred Value 

k = 3.8 X 10-14 cm3 molecule-1 s-1 at 298 K. 
k = 7.6 X 10-13 exp(-890/T) cm3 molecule- 1 s-1 over 

range 244-350 K. 

Reliability 

!l. log k = ± 0.1 at 298 K. 
~ (EIR) = :t: 200 K. 

Comments on Preferred Values 

The preferred value at 298 K is the mean of the two 
results which are in excellent agreement. The A -factor 
reported by Davis et a1. [2] has been modified.so that the 
Arrhenius expression yields the preferred value of k at 
298 K. The A ·factOr of the Arrhenius expression appears 
low for H abstraction from a methyl group. 

References 

[1] Howard, C. J., and Evenson, K. M., J. Chem. Phys. 64,197 (1976). 
[2] Davis, D. D., Machado, G., Conaway, B. C., Oh, Y., and Watson, 

R. T., J. Chem. Phys. 65, 1268 (1976). 
[3] NASA Ref. Pub. * 1010, "Chlorofluoromethanes and the Strato

sphere," Chapter 1. R. D. Hudson, editor (1977). 

BrO + H02 -;.. HOBr + O 2 (1 ) 

~ HBr + 0 3 (2) 
!l.HO (1) = -207 kJ mol-1 

AHo (2) -21 kJ mol-1 

Rate Coefficient Data: no available experimental data 

Preferred Value 

k 5 X 10-12 emil IIluleeule-1 !:)_l al 298 K. 

Reliability 

!l. log k = ± 0.5 at 298 K. 

Comments on Preferred Value 

This estimate is probably accurate to within a factor of 
3, and is based upon the assumption that the reactivity of 
BrO is similar to that of CIO. The temperature depend
ence for such a radical-radical process is expected to be 
small, i.e., EIR < ± 500 K. Reaction (1) would be ex
pected to be the dominant reaction pathway. 

BrO + NO~ Br + N02 

!l.HO = -71 kJ mol- 1 

Rate coefficient data 

klcms molecule-1 S-1 Temp.1K 

Absolute Rate Coefficients 
(2.5 ± 0.8) x 10-12 293 
-5 x 10-12 293 
(2.2 ± 0.4) x 10-11 298 
(2.8 ± 0.8) x 10~11 298 
1.28 X 1(r11 exp«(181 ± 46)([') 224-396 
(2.15 ± 0.25) x 10-11 298 
(7.11 ± 0.23) x 10-12 exp((296 ± 10)11') 230-425 
(1.89 ± 0.16) x 10-11 298 

Reviews and Evaluations 
2.1 x 10-11 298 

Comments 

(a) Discharge flow: UV ab~orption detection of BrO. 
Value somewhat dependent upon the· rate constant for 

Reference Comments 

Clyne and Cruse, 1970 [1] (a) 
Cruse, 1971 [2] (a,b) 
Clyne and Watson, 1975 [3] (c) 
Ray and Watson, 1979 [4] (c) 

Watson, Sander, and Yung, 1979 [5] (d) 

Leu, 197916) (c) 

NASA, 1977 [7) (e) 

BrO + BrO owing to low initial stoichiometries of [NO] 
to [BrO]. 

(b) Reinterpretation of the :same data leported ill 
reference £1]. 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 
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(c) Discharge flow: mass spectrometric detection of 
BrO. 

(d) Flash photolysis: UV absorption detection of BrO. 
(e) Based on the value reported by Clyne and Watson 

[2]. 

Preferre'd Value 

k = 2.1 X 10-11 cm3 molecule- 1 S-l at 298 K. 
k = 8.7 X 10-12 exp(260IT) cm3 molecule- 1 s-1 over 

range 224-425 K. 

Reliability 

a log k = ± 0.1 at 298 K. 
a (EIR) = ± 100 K. 

Comments on Preferred Values 

The results of the three low pressure mass spectromet
ric studies [3,4,6] and the high pressure UV absorption 
study [5], which all used pseudo-fIrst-order conditions, 
are in excellent agreement at 298 K, and are more reli
able than the earlier low pressure UV absorption study 

[I]. The results of the two temperature dependence 
studies are in good agreement and both show a small 
negative temperature dependence. The preferred Ar
rhenius expression was derived from a least squares fit to 
all the data reported in references [3-6]. By combining 
the data reported in reference [5] with that in references 
[3,4,6] it can be shown that this reaction does not exhibit 
any observable pressure dependence between I and 700 
torr total pressure. The temperature dependence for k 
for the analogous CIO and H02 reactions are also nega
tive, and are similar in magnitude. 

References 

[1] Clyne, M. A. A., and Cruse, H. W., Trans. Faraday Soc. 66,2227 
(1970). 

[2] Cruse, H. W., Ph.D. Thceie, QMC, London Univcreity (1971). 

[3] Clyne, M. A. A., and Watson, R. T., J. Chern. Soc. Faraday Trans. 
1. 71,336 (1975). 

[4] Ray, G. and Watson, R. T., Manuscript in preparation (1979). 
[5] Wat,;on, R. T., Sander, S. P., and Yung, Y. L, J. Phys. Chern. 83, 

2936 (1979). 
[6] Leu, M. T., Chern. Phys. Lett. 61,275 (1979). 
[7] NASA, Ref. Pub. =IF 1010, "Chlorofluorornethanes and the Strato

sphere," Chapter 1, R. D. Hudson. editor (1977). 

BrO + N02 + M ----+ BrO N02 + M 

aHO = -138 kJ mol-1 

Low Pressure Rate Coefficient 

k o/crn3 molecule- 1 s- 1 Temp.1K 

Absolute Rate Coefficients 
3 x 10-31 [N2] 298 

Comments 

(a) Provisional data between 300 and 700 Torr, to be 
reconfirmed. 

Preferred Value 

ko = 3 X 10-31 (TI300)-3.0 [N21 cm3 molecule- 1 S-1 over 
range ~OO-400 K. 

Reliability 

a log ko = ± 0.4 over range 200-400 K. 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

Reference Comments 

Watson and Sander, 1978 [1] (a) 

Comments on Preferred Values 

More measurements are needed. Value accepted since 
it is similar to the CIO + N02 + M ---+ CIO N02 + M 
data; the temperature coefficient is taken from this reac
tion. 

High Pressllre Rate Coefficients 

No available experimental data. From the measure
ments in ref. [1] one concludes k~ >3 . 10-12 

cm;jmolecule-1 s- l • A value of k~ =1.2 X 10-11 

cm3 molecule- 1 s- l
, as for CIO + N02 + M ~ CIO 

N02 + M, is adopted tentatively with a value of Fe =0.7 
at 300 K. 

Reference 

[1) Watson, R. T. and Sander, S. P., unpublished data (1978). 
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BrO + 03'~ Br + 202 

457 

ARO = -157 kJ mol- 1 

Rate coefficient data 

klcm3 molecule- 1 S-I Temp.IK 

Relative Rate Coefficients 
<8 x 10-14 293 
<5 x 10-15 298 

Reviews and Evaluations 

<10-14 298 

Comments 

(a) 'Discharge flow: UV absorption detection of BrO 
and 0 3 , An upper limit was placed on k by monitoring, 
BrO and 0 3 in a system where [03 ] is in excess of [BrO]. 
It WR~ rlprlnl"prl th::tt thp TRIp of rli!'lappearance of Os could 
be totally attributed to the regeneration of Br atom from 
the BrO + BrO reaction. However, as the values of 
k(BrO + BrO) and u(BrO) reported in this study are 
questionable (see BrO+ BrO reaction) th,e upper limit 
deduced for this rate constant may be in error. . 

(b) Flash photolysis: UV absorption detection of BrO 
and 0 3 ,- An upper limit was placed on k by monitoring 
A[03] as a function of [BrO]o in the presence of a large 
excess concentration of 0 3 ([03 ]0 >50[BrO]0)' The loss of 
0 3 could be totally attributed to the catalytic destruction 
of 0 3 through the regeneration of Br atoms via the BrO + 
BrO.~ 2 Br + O2 reaction, where BrO + BrO.~ 2Br + 
O2 (1) represents -85% of the total reaction pathway for 
the bimolecular disproportionation of BrO radicals. (See 
the BrO + BrO reaction.) The removal of 0 3 was depend
ent upon [BrO]o but not [03 ]0' 

(c) The entry was meant to read <8 X 10-14 cm3 mole
cule-1 

S-l as it was based upon the value reported by 
Clyne and Cruse [1]. 

Reference Comments 

Clyne and Cruse, 1970 [1] (a) 
Sander and Watson, 1978 [2] (b) 

NASA, 1977 [3] (c) 

Preferred Value 

Reliability 

A log k = ~~.5 • 

Comments on Pre/erred Value 

There is no evidence for this reaction. The analogous 
CIO reaction has a rate constant of -10-18 cm3 mole
cule-I S-l [4]. 

References 

[1] Clyne, M. A. A., and Cruse, H. W., Trans. Faraday Soc. 66,2214 
(1970). 

[2] Sander, S. P., and Watson, R. T., Manuscript in preparation 
(1978). 

[3] NASA, Ref. Pub. =#= 1010, "Chlorofluoromethanes and the Strato
sphere," R. D. Hudson, editor (1977). 

[4] DeMore, W. B., Lin, C. L., and Jaffe, S., results presented at 12th 
Informal Conference on Photochemistry, Washington, D.C. 
(1976). 
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BrO + CIO ~ Bf + OCIO (1) 

~ Bf + CI + O2 (2) 

~ BrCl + O2 {3} 

aRO (1) = -14.0 kJ mol-1 

aRo (2) = +4.9 kJ mol- 1 

aRo (3) = -213.8 kJ mol- 1 

Rate coefficient data (k = kl + k2 + k3) 

klcm3 molecule-1 S-1 Temp.1K 

Absolute Rate Coefficients 
2.5 x 10-12 300 
(1.34 ± 0.2) X 10-11 298 

Reviews and Evaluations 
kl ..,. 6.7 'X 10-12 298 

k2 6.7 X 10-12 298 
kl = 6.7 X 10-12 298 
k2 = 6.7 X 10-12 298 

Comments 

(a) Flash photolysis: UV plate photometric detection 
of CIO, BrO, OCIO. It was assumed that the only reac
tion channel was (3). This value must be rejected to an 
erroneous analysis of the kinetic data (see reference [2]). 

(b) Discharge flow: mass spectrometric detection of 
CIO, BrO, and OCIO. This study measured k1 and the 
sum of k2 + ks separately. Even though the results ob
tained in this study could not be used to differentiate 
between channels (2) and (3), by analogy with BrO + BrO 
and CIO + CIO (where it has been demonstrated that the 
atomic channel dominates) it can be assumed that chan
nel (2) predominates over channel (3). The reported 
values for kl and k2 + ks were: k1 = (6.7 ± 1.0) X 10-12 

cms molecule-1 S-1, and k2 + ks = (6.7 ± 1.0) X 10-12 

cmsmolecule-1 ",-1. 

(c) Preferred values taken from data of Clyne and 
Watson [2], k3 assumed to be zero. 

Preferred Value 

k1 = 6.7 X 10-12 emS molecule-1 S-1 at 298 K. 
k2 + ks = 6.7 X 10-12 cms molecule-1 S-l at 298 K. 

J. Phys. Chern. Ref. Data, Vol. 9. No.2, 1980 

Reference Comments 

Rasco and Do~a. 1971 fll (a) 
Clyne and Watson, 1977 [2] (b) 

Watson, 1977 [3] (c) 

NASA, 1977 [4] (c) 

Reliability 

a log kl = ± 0.3 at 298 K. 
a log (k2 + ks) = ± 0.3 at 298 K. 

Comments on Pre/erred Values 

The temperature dependence for such processes is 
expected to be small, e.g., BrO + BrO. Although channel 
(2) is shown proceeding directly Br + CI· + O2 , it almost 
certainly proceeds through Br + CIOO (aRO = -27.5 kJ 
mol-I) or CI + BrOO (aRO unknown). The preferred 
values are based on the data reported by Clyne and Wat
son [2]. 

References 

[1] Basco, N., and Dogra, S. K., Proc. R. Soc. London Sere A. 323, 
417 (1971). 

[2] Clyne, M. A. A., and Watson, R. T., J. Chern. Soc. Faraday Trans. 
1. 73, 1169 (1977). 

[3] Watson, R. T., J. Phys. Chern. Ref. Data 6,871 (1977). 
[4] NASA Ref. Pub. * 1010, "Chlorofluoromethanes and the Strato

sphere," Chapter 1, R. D. Hudson, editor (1977). 
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4.8. Reactions of BrOx 

BrC + BrO~ 2 Sr + O2 (1) 

,-7 Br2 + O2 (2) 
IlRO (1) = - 28 kJ mol- 1 

IlRo (2) = - 256 kJ mol- 1 

Rate coefficient data (k = k1 + k2 ) 

klcm3 molecule-1 S-1 Temp.1K 

Absolute Rate Coefficients 
0.65 X 10-12 298 
(2.62 ± 1.3) X 10:.11 exp(-(450 ± 300)IT) 293-573 
(5.2 ± 0.07) X 10-12 293 
(1.03 ± 0.13) X 10-12 298 
(3.17 ± 0.67) X 10-12 298 
1.13 X 10-12 exp«244 ± 100)1T) 223-398 
(2.4 ± 0.5) X 10-12 298 

RcvicW8 and EvaluatioD8 

1.45 X 10-11 exp(-450IT) 293-573 
1.45 X 10-11 exp(--'450IT) 293-573 

Comments 

(a) The values of k shown in this table are derived 
using the following equation: -d[BrO]ldt = 2k[BrO]2. In 
each of the original publications the authors used the 
following expression: -d[BrO]ldt = k[BrOf. This results 
in a difference of a factor of 2 between the values of k and 
A tabulated above, and those reported by the authors. 

(b) Discharge flow: uv absorption detection of BrO us
ing the A en, v' = 6) ~ x en, v" = 0) transition. A value 
of (2.25 ± 0.25) x lOS cm s-~ was reported for klu. This 
value of klu was combined with the estimated value for 
(j of ~3.2 x 10-18 cm2 molecule-I. 

(c) Discharge flow: uv absorption detection of BrO us
ing the A ell, v' = 4) ~ x en, v" = 0) transition. Values 
of (6.6 ± 0.8) X 105 cm S-l and (8.0 ± 0.9) X 10-18 cm2 

molecule-1 were reported klu and u, respectively, at 298 
K. These values of klu and u result in the value shown for 
k at 298 K in the table. Clyne and Cruse reported a 
positive temperature dependence for klu, and combined 
thiiOl. cI::lt::l with their ?98 K value for cr (BrO monitored at 

room temperature) and obtained the Arrhenius expres
sion shown in the table. Cruse [7] estimated that the 
value of k 1 /(k 1 + k 2 ) lies between 0.8 and 0.9. 

(d) Flash photolysis: ultraviolet absorption detection 
(plate photometry) of BrO using theA en, v' = 4) ~ 
X (2ll, v" = 0) and A en, v' = 8) ~ X ell, v" = 0) transi
tions. Values of (2.18 ± 0.08) X 105 cm S-1 and (2.71 ± 
0.35) X 105 cm S-1 were reported for klu(4-o) and k/(J(8-oh 
respectively. These values of k/u were combined with 
experimentally determined values of (4.7 ± 0.4) X 10-18 

cm2 molecule- 1 and (3.85 ± 0.4) X 10-18 cm2 molecule- 1 

for u(4-0) and u(8-0), respectively, resulting in values 
of (1.02 ± 0.17) X 10-12 cm3 molecule-1 S-l and (l.05 ± 
0.15) X 10- 12 cm3 molecule-1s- 1 fork. 

I 

Reference Comments 

Clyne and Coxon, 1968 [1J (a,b) 
Clyne and Cruse, 197,0 [2] (a,c) 

Basco and Dogra, 1971 [3J (a,d) 
Clyne and Watson, 1975 [4] (a,e) 
Sander and Watson, 1978 [5J (a,!) 

Clyne and Watson, 1975 [4] (a,g) 
NASA, 1977 [6] (a,g) 

(e) Discharge flow: mass spectrometric detection of 
BrO. BrO radicals were either detected directly, or stoi
chiometrically converted to N02 (which was then 
monitored) upon addition of a large excess concentration 
of NO. Watson [8] deduced from the mass spectrometric 
behaviour of Br+, Br2 +, and BrO+ that the major reaction 
pathway was that producing atomic products (1). 

'(f) Flash photolysis: ultraviolet absorption detection 
(photoelectric) of BrO using the A en, v' = 4) ~ X (2n, 
v" = 0) transition. The temperature dependence of both 
klu and u were monitored. Values of 2.21 X 105(223 K), 
2.07 X 105 (298 K), and 2.25 X 105 (388 K) cm S-1 were 
determined for klu. These were combined with values of 
1.56 X 10-17 (233 K), 1.17 X 10-17 (298 K) and· 9.67 X 

10-18 (388 K) cm2 molecule-1 for u resulting in the Ar
rhenius expression, and the value of k at 298 K shown in 
the table. The rate coefficients were shown to be in
dependent of total pressure from 50-600 Torr. Two inde
pendent methods were used to determine the separate 
values of kl and k2 • One method required knowledge of 
cr(BrO) whereas the other did not. A value of 0.85 ± 0.05 
was obtained for k1/(k1 + k2 ) at 298 K. 

(g) This evaluation was based on the temperature 
dependence reported by Clyne and Cruse [2], but the 
A-factor was adjusted to give the preferred value of 3.2 X 

10-12 cm3 molecule- 1 8-1 at 298 K (value reported by 
Clyne and Watson [4]. 

Preferred Value 

k = 2.8 X 10-12 cm3 molecule- 1 8-1 over range 200-
400 K. 

Reliability 

IJ. log k = ±0.1 at 298 K. 
Il (EIR) = ±500 K. 
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460 BAULCH ET AL. 

Comments on Preferred Values 

Four of the five studies [1-3,5] monitored the BrO 
radical concentration using ultraviolet absorption spec
trometry. As the reaction being studied was second order 
in [BrO] knowledge of u was required in order to deter
mine k. The notes show how there are substantial differ
ences between the value of u. Although the magnitude of 
u is dependent upon the particular transition, and instru
mental parameters such as spectral band width, the most 
probable reason for the differences is that the technique 
(based on reaction stoichiometry) used to determine u in 
the early studies [1-3] was used incorrectly (discussed in 
reference [4]). It can be seen that in three of the studies 
[1,3 and 5] there is good agreement in the reported values 
of klu, however, this may be fortuitous as u is expected 
to· vary somewhat from study to study. The preferred 

value for k at 298 K is the average of the values reported 
in references [4,5]. From the values of k reported in 
references [4] and [5] it can be stated that the BrO + BrO 
reaction exhibits no pressure dependence within the 
range 1-600 Torr. The recent flash photolysis study [5] 

determined in the temperature dependence of both klu 
and (J" independently, but more data are required to con
firm the temperature dependence of the reaction. Al
though the partitioning of the total rate constant into its 
two components, kl and k2' was studied at 298 K [5] and 
the ratio k}/(k} + k2 ) reported to be 0.85 ± 0.05, it is not 
clear whether this ratio would be expected to exhibit a 
temperature dependence. 
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BrO + hv~ products 

Primary photochemical transitions 

Reaction 

BrO + h 11- Br + 0(3P) (1) 
- Br + 0(1D) (2) 

232 
422 

A threshold / nm 

515 
283 

Absorption cross section data 

Wavelength range/nm Reference Comments 

310-355 
318-339 
320.8; 338.3 
339 

Clyne and Cruse, 1970 [1] 
Brown and Burns, 1970 [2] 
Basco and Dogra, 1971 [3] 
Sander and Watson, 1979 [4] 

(a) 
(b) 
(c) 
(d) 

Quantum yield data 

Comments 

(a) BrO produced in a discharge flow system using the 
Br + Os reaction. The vibrational bands (1,0-11,0) of 
the A 2TI _X2TI system of BrO are shown in a figure at a 
spectral resolution of 0.15 nm. u (4-0) at A = 338.3 nm 
was reported to decrease by a factor of 2 as the spectral 
slit width was increased from 0.25 to 1.5 nm. u (4-0) was 
reported to be (8.1 ± 0.9) X 10-18 cm2 molecule- 1 for a 
spectral slit width of 1 run. From an expanded version of 
figure 3 in reference [1] the relative values of u can. 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

within a factor of -2, be deduced for the 1-0 to 11-0 
transitions. u (1-0) : (T (2-0) ... (J" (11-0) = 0.35 : 0.45 
: 0.60 : 1.0 : 0.85 : 0.60 : 0.50 : 0.55 : 0.45 : 0.30 : 0.30. 
These values were derived assuming that the baseline is 
well below the wavelength axis in figure 3 and that 10 
is not varying significantly « 10% over the complete 
range). If the baseline were close to the wavelength axis, 
then 10 would be showing a significant variation with 
wavelength and the relative values of U(A) at shorter 
wavelengths would need to be increased by the factor 
10 (355 nm)IIoCA. nm). The FWHM values of these vi-



KINETIC AND PHOTOCHEMICAL DATA FOR ATMOSPHERIC CHEMISTRY 461 

brational bands can be estimated to be -- 1.5 nm from 
figure 3. 

(b) BrO produced from the flash photolysis of Br2/02 
mixtures. From a microdensitometer trace of the BrO 
spectrum, figure 1, the FWHM of the 4-0 to 8-0 vibra
tional bands can be estima'ted to be -- 1.0 nm. No ab
solute absorption cross sections determined. Assuming a 
constant plate sensitivity from 318-339 nm, relative 
values of u (4-0) : u (5...:0) : ... u (8-0) can be estimated 
to be 1.0 : 0.6 : 0.5: 0.6 : 1.10. 

(c) Flash photolysis of Br2/0CIO mixtures used to gen
erate BrO. BrO, CIO, and OCIO monitored using plate 
photometry. Values of (4.7 ± 0.4) x 10-18 and 
(3.~5 ± 0.4) x 10-18 cm2 molecule-1 were reported for 
u(4-0) at A = 338.3 nm, and u(8-0) at A = 320.8 nm, 
respectively. However, these values should be con
sidered as estimates as the data analysis procedure 
used is invalid due to assuming an incorrect reaction 
mechanism. 

(d) Flash photolysis of Br2/0s mixtures used to gen
erale known concentrations of BrO. The A !In(v' = 4) .;

X2TI (v" = 0) transition was monitored photoelectrically at 
339 nm with a spectral bandwidth (FWHM) of· 0.2 nm. 
The temperature dependence of u(4-0) was determined 
from 223-388 K. Values of 1.56 x 10-17 (233 K), 1.17 x 
10-17 (298 K) and 9.67 x 10-18 (388 K) cm2 molecule- 1 

were reported. 
(e) Flash photolysis of Br2/02 mixtures used to gen

erate BrO. High resolution spectra of BrO revealed that 
of the 20 bands forming a progression between 289 and 
355.5 nm 16 bands were completely diffuse, and although 
the other four bands showed evidence of rotational fine 
structure, the individual rotational lines were still dis
tinctly diffuse. 

Preferred Values 

Absorption cross sections for BrO photolysis at 298 K. 
No recommendation. 

Quantum yields for BrO photolysis at 298 K. <1>1 = 1.0 
for A > 289 nm. 

Comments on Preferred Values 

At present no preferred values are given for the ab
sorption cross sections. The 4-0 band at A -- 338 nm is 
the only transition for which there have been several 
[1,3,4] quantitative determinations of the absorption 
cross section. The notes show how there are substantial 
differences between the values of u. Although the magni
tude of u is dependent upon instrumental parameters 
such as spectral bandwidth, the most probable reason for 
the differences is that the technique (based on reaction 
stoichiometry) used to determine u in the early studies 
[1,3] was used incorrectly (discussed in reference [6]). 
The absorption cross section reported for the 4-0 band 
by Sander and Watson [4] is at present preferred. Meas
urement of absorption cross section data, such as u and 
the FWHM of the vibrational bands in theA~X--sysie~. 
was not the prime interest of any of these studies. The 
data reported by Clyne and Cruse [1], and to a lesser 
extent Bown and Burns [2], can be used to estimate (to 
within a factor of - 3) atmospheric J values by, (a) com
bining the relative values of u with an absolute determi
nation of u(4-0), and (b) assuming a value of 1.25 nm for 
the FWHM of each of the vibrational bands-this repre
sents a mean of the two derived values [1,2]. 

The extensive predissociation observed by Durie and 
Ramsay [5] indicates that the value of <1>1 should be taken 
to the unity for all vibrational bands within the A-X 
system. 
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HOBr + hv.~ products 

Reaction 

HOBr + hv- HO + Br (1) 

- HBr + Oep) (2) 
- BrO + H (3) 
- HBr + OeD) (4) 

Primary photochemical transitions 

231 
293 
423 
483 

Note: AHo298 values are given since the heat of formation of HOBr at 0 K is not known. 

Absorption cross section data 

Wavelength range/nm Reference 

-210-400 Anbar and Dostrovsky, 1954 [1] 

A. threshOld / nm 

518 
409 
283 
248 

Comments 

(a) 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 
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Quantum Yield Data: No available experimental data. 

Comments 

(a) The absorption spectrum of HOBr in an aqueous 
solution, not in the gas phase, was shown graphically:
The absorption maximum was reported to occur at 260 
nm. 

Preferred Values 

In the' absence of experimental data for HOBr in the 
gas phase, it is suggested that the modellers 'use the 

absorption cross section data for HOCl (see table of pre
ferred values) red-shifted by 30 nm. Anbar and Dostrov
sky reported aqueous phase spectra for both HOBr and 
HOCl. From this data it can be seen that the values of 
O"max were comparable, but the absorption maxima's 
(HOCl (230 nm), HOBr (260 nm» were displaced by 30 
nm. By analogy with HOCI it is probable that <1>1 ~ unity 
for all wavelengths 2: 200 nm. 

Reference 

[1] Anbar, M., and Dostrovsky, I., J. Chern. Soc., London, Part I, ll05 
(1954). 

BrON02 + h V -7 products 

Reaction 

BrON02 + h v ~ BrO + N02 (1) 
~ Br + NOs (2) 
~ BrONO + Oep) (3) 
~ BrONO + OeD) (4) 

Primary photochemical transitions 

138 
163 
306 
496 

A threshold I nm 

866 
734 
391 
241 

Note: 6.H 0
298 values are given since the heat of formation of BrON02 and BrONO at 0 K are not known. 

Absorption cross section data 

Wavelength range/nm Reference 

186.:-390 Spencer and Rowland, 1978 [1] 

Ouantum Yield Data: No available experimental data. Preferred Values 

Comments 

(a) 

Comments Absorption cross; sections for BrON02 photolysis at 298 K 

(a) Ah~nrptinn r.rn~!O\ !O\p.r.tinn!O\ mp.a!O\nrp.o at 29R K, ano 
tabulated at 5 nm intervals. The estimated uncertainty in 
the measurements is ±30% for '1\ 2: 340 nm, and ±20% 
for 186 nm ::;; '1\.::;; 335 nm. 

J. Phys. Chem. Ref. Data, Vol. 9. No.2, 1980 

A/nm 

186 
190 
195 
200 
205 
210 
215 
220 
225 
230 
235 
240 
245 
250 
255 
2()O 

265 
270 
275 

1()2°u/cm2 

1500 
1300 
1000 

720 
430 
320 
270 
240 
2lO 
190 
170 
1~0 
100 
78 
61 
4H 

39 
34 
31 

A/nm 1 ()2°6T/f'm2 

280 29 
285 27 
290 24 
295 22 
300 19 
305 18 
310 15 
315 14 
320 12 
325 11 
330 10 
335 9.5 
340 8.7 
345 8.5 
350 7.7 
;:SoU 0.2 

370 4.9 
380 4.0 
390 2.8 
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Quantum Yields 

No recommendation is given for the relative impor
tance of the possible pathways since there are no data 
which provide a basis for a recommendation. 

Comments on Preferred Values 

The preferred value"s are taken from the only known 
study. The spectrum is similar in appearance to that of 
ClON02 except that the absorption cross sections of 
BrON02 are significantly greater than those of ClON02 

at wavelengths greater than 300 nm. There is a need for 
additional. absorption cross-section studies using longer 
optical pathlengths for determining u at longer wave
lengths, and for determining u as a function of tempera
ture. The absorption cross section data of C]ON02 show!'; 

a significant temperature dependence over much of the 

wavelength range, i.e., ~230-400 nm. Although there 
have been no quantum yield studies of BrON02 photo
lysis, it is quite likely that it is photodissociated in a 
manner similar to ClON02• The absorption spectrum of 
BrON02 is a continuum with evidence of several 
shoulders suggesting an overall quantum yield for de
struction of unity, but where the relative importance of 
the various pathways changes with wavelength. Unfortu
nately there are conflicting results as to the photolysis 
products of ClON02 • One study reported the products to 
be Cl + NOs, in contrast to the other study which re
ported the products to be CIONO + O(3P). Direct studies 
of the photolysis products are required in order to resolve 
this problem. 

Reference 

[1] Spencer, J. E., and Rowland, F. S., J. Phys. Chem. 82, 7 (1978). 

5. Summary of Preferred Rate Data 

Summary of preferred rate data 

k298 Temp. dependence of Temp. A(E/R)/ 
Reaction cm3 molecule- 1s- 1 Alog k298 kl cm3 molecule- 1 S-1 rangelK K 

O.r Reactions 
o -I- 0. -I- M->. o~ -I- M 3.6 X 10-34 [Ar](ko) ±O_l 3.6 x 1O-34(TI300)-I.93 [Ad 200-1100 

5.6 x 10-34 [N 2 ](ko) ±O.l 5.6 x 1O-34(TI3oot2•36 [N2 J 220-300 
2.8 x 10-12 (k .. ) ±0.3 

0+ 0 3 - 202 9.5 X 10-15 ±O.l 2.0 x 10-11 exp(-2280/T) 220-1000 ±130 
0(lD) + O2 - O(3P) + 02(II,I+) 3.7 X 10-11 ±O.lS 3.0 x 10-11 exp(67/T) 200-350 ±1oo 

_ O(OP) -!- 02("1".a-) 0.9)<, 10 II :to. I:> 0.7 x 10-" t:Al'(Ci7/T) 200-3{}0 ±100 
O2 + hv_ 20 See data sheets 
0 3 + hv- 0 + O2 See data sheets 

HO.l'Reactions 

H + H02 - H2 + O2 1.4 X 10-11 ±0.4 
-2HO 3.2 x 10- 11 ±O.4 
- H20 + 0 :$9.4 X 10-13 +0.3 

-? 
H I O 2 I M > H02 +M 1.9 x 10-32 [Ar](l.u} :0.2 UI '><' lO-32(TI300)-o.a [Ar] 200-2000 

5.9 x W-32 lNz}(ko) ±O.2 5.9 x 1O-32 (TJ300t 1
•
o eN. 1 200-400 

H + 0 3 - HO + O2 2.8 X 10-11 ±O.2 1.4 x 10-10 exp(-480IT) 220-360 ±loo 
0+ HO- O2 + H 3.8 X 10-11 ±0.3 
o + H02 - HO + O2 3.1 X 10-11 ±O.S 
0+ H2 0 2 - HU + HU2 } 

-+ O2 + H2 O 
2.1 x 10-15 ±0.3 2.7 X.1O- 12 exp(-21001T) 283-368 ±500 

OeD) + H2 - HO + H } 
_ O(3P) + H2 2.0 X 10-10 ±0.3 2.0 x 10- 10 200-350 ±loo 

O(ID) + H20- 2HO 1 
_ 0(3P) + H

2
O 2.8 x 10-10 ±0.3 2.8 x 10-10 200-350 ±loo 

HO + H2 - H2 0 + H 7.1 X 10-15 ±O.l 1.8 x 10-11 exp(-23301T) 210-300 ±300 
HO + HO- H2 0 + 0 1.8 X 10-12 ±0.2 
HO + HO + M- H2 O2 + M 6.5 X 10-31 [Ar] (kg) ±0.3 6.S x 10-31(TI3oot2•9 [Ar} 300-1500 

6.5 x 10-31 rN.Hkn) ±0.3 
HO + H02 - H2 0 + O2 3.5 X 10-11 ±O.5 
HO + H2 0 2 - H2 0 + H02 8.0 X 10-13 ±0.3 7.6 x 10-12 exp(-670/T) 200-700 " ±2oo 
HO + O. - H02 + O2 6.7 X 10-14 ±O.lS 1.9 x 10-12 exp(-lOOOIT) 220-450 +250 

-100 

H02 + H02 - H2 0 2 + O2 2.3 X 10-12 ±O.3 
no. + 0 3 ~ no + 202 2.0 x 10-" :;;0.2 1.4 x 10- 14 cxp(-600IT) 250 100 :200 
H2 0 + hv -+ HO + H See data sheets 
H2 0. + hv 2HO See data sheets 

I NO.r Reactions 
N + ()2 -+ NO + 0 8.9 X 10-17 ±O.l 4.4 x 10-12 exp(-3220/T) 280-333 ±350 
N + O~ -+ NO + O2 :$ S X 10-16 

N + NO N2 + 0 3.4 X 10- 11 ±O.lS 3.4 x 10-11 200-400 ±Ioo 
N + NO. --;. N2 () + 0 1.4 X 10-12 ±0.2 
o .~ NO ~" M ~ NO" + M 6.4 'L 10-32 [ArJ(kQ) ±O"l 6.4. x ]O-32(TI300)-1.80 [AT] ?OO-2000 

1.2 x 10-31 [N2 ](ko) ±O.l 1.2 x JO-al(TI300t!'8~ [Nd 200-300 
3.0 x 10- 11 (k",) ±O.2 3.0 x 10- 11 (TI300) +0.3 300-1500 I 

J. PhYtl:. Chorn. RoE. .Dot". Vo'- 0" Nft_ 2, 1980 
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Summary of preferred rate data (continued) 

k298 Temp. dependence of Temp. Il{EIR)/ 
Reaction cm3 molecule- 1 s- 1 lliog k298 kl cm3 molecule- 1 S-l range/K K 

o + NO~- NO + O~ 9.3 X 10- 12 ±0.06 9.3 x 10- 12 230-340 +0 
-ISO 

o + NOz + M - N03 + M 9 X 1O-3z [N~](ko) ±O.l 
2.2 x 10-11 (k .. ) ±O.l 

o + N03 - Oz + N02 1 X 10-11 ±0.5 
o + Nz 0 5 - products $ 3 X 10-16 $ 3 X 10-16 220-300 
O(ID) + N2- OfP) + N2 4.5 X 10- 11 ±0.15 3.2 x 10- 11 exp(l07iT) 200-350 ±100 
O(ID) + N20- N2 + O2 7.4 X 10-11 ±0.15 7.4 X 10- 11 200-350 ±lOO 

-2NO 8.6 x }O-II ±0.15 8.6 x 10- 11 200-350 ±lOO 
_ 0(3P) + N~O No recommendation 

HO + NO + M- HONO + M 
(see data sheet) 
6.5 x 10-31 [N~J(ko) ±O.l 6.5 x 10-31 (TI300)-2.4 [N2 ] 220-440 
1.0 x 10- 11 (k",) ~9·2 1.0 x 10- 11 220-440 

HO + N02 + M - HONOz + M 1.0 x 1O-3u [Ar] (ko) ±O.l 1.0 x 1O-3°(TI300)-2.y [Ar] 300-1200 
2.6 x 10-30 [Nz](ko) ±O.] 2.6 x 1O-3°(TI300)-2.7 [Nz] 220-550 
1.6 x 10- 11 (k",) ±0.2 1.6 x ]0-11 200-1200 

HU + HUNUz - H2 U + NOs 8.5 x 10-" ::to.l 8.5 x 10 " 240-470 ::t500 
HO + HOzNOz - products No recommendation 

(see data sheet) 
HOz + NO- HO + NOz 8.4 X 10- 12 ±0.08 4.3 x 10- 12 exp(200ff) 230-425 ±200 
HO. + NO. + M_ HO.NO. + M 2.] X 10-31 [Nz](ko) ±O.l 

5 x 10- 12 (k",) ±O.4 
HOzNOz + M- HOz + NOz + M 1.2 X 10-20 [Nz](ko/s- I) ±O.l 298 

0.09 (k .. /s- l ) ±0.6 1.4 X 1014 exp(-10420/T)s-1 250-300 ±~OO 
NO + 0 3 - NOz + O2 1.8 X 10- 14 ±0.06 2.3 X 10- 12 exp( -14501T) 200-360 ±200 
NO I N03 > 2NOz 2 x 10- 11 =0.5 

NOz + N03 + M - Nz 05 + M 1.5 X 10-30 [Nzl(ko) ±0.3 1.5 X 1O-3°(TJ300)-U [Nzl 300-340 
5 x 10- 12 (k",) ±O.3 5 x 10- 12 200-400 

NzOs + M.- NOz + N03 + M 6.4 X 10-20 [Nz](ko/s- I ) ±0.3 8.8 X ]0-6 exp(-9700!T) [NZ]S-I 300-340 
0.20 (k",/S-I) ±0.3 5.7 x 1014 exp( -106OOff)s-1 273-300 

NOz + 0 3- NOa + O2 3.2 X 10- 17 ±0.06 1.2 x ]0-13 exp(-2450ff) 230-360 ±150 
NO + h II - products See data sheets 
NOz + h II - products See data sheets 
N03 + h II - products See data sheets 
Nz 0 + h II - products See data sheets 
Nz Os + h II - products See data sheets 
HONO + h II - products See data sheets 
HONOz + h" - products See data sheets 
HOzNOz + hll- products See data sheets 

C~ Reactions 

0(1D) + CH. - HO + CH3 2.2 X 10- 10 ±0.3 2.2 x 10- 10 200-300 ±100 
- HCHO + Hz 2.4 X 10- 11 2.4 X 10- 11 200-300 ±100 

HO + CH4 - H2 0 + CH3 8.0 X 10-1• ±O.l 2.4 x 10- 12 exp(-171O/T) 200-300 ±200 
HO + CO - H + CO2 1.5 X 10- 13 ($ 100 Torr) ±0.05 1.5 x 10- 13 200-300 
HO + CO - products 2.8 X 10- 13 (l atm air) ±O.l 
HO + HCHO- H2 0 + HCO } 

- H + HCOOH 
1.3 X 10-11 ±0.15 1.3 x 10- 11 200-400 ±200 

H02 + C1l3 O2 -. Oz + CHaOOH l 
- HO + O2 + CHa 0 

6.5 x 10- 12 ±0.3 

HCO + O2 - HOz + CO 5.1 X 10-12 ±O.l 
HCO + O2 + M - HCOa + M No recommendation 

(see data sheet) 
CH3 + O2 - HCHO + HO No recommendation 

(see data sheet) 
CH3 + O2 + M - CHa O2 + M 2.6 X 10-31 [N2J(ko) ±0.3 2.6 x 1O-3J (TI300fa [N2] 260-340 

2 x 10-12 (k",) ±0.3 2.0 x 10- 12 200-400 
CH.O + 0, - HCHO + HO, 6 ')( 10- 16 =0.6 5 ')( 1O- la exp(-2000JT) 300-450 ±lOOO 
CHa O2 + CHa O2 - CHs OH 

+ HCHO + O2 

- 2 CHaO + O2 4.6 X 10- 13 ±O.] 
- CHaOOCHa 

+ O2 

CH30 2 + NO - CH30 + N02 7.5 X 10- 12 ±0.3 7.5 x 10- 12 200-300 ±500 
CH~02 + N02 + M -+ CHaOzN02 

+M 1.6 x 10- 12 (l atm) ±O.S 1.6 x 10- 12 (l atm) 200-300 ±500 
HCHO + h II - products See data sheets 
CHa OOH + h" - products See data sheets 

SOx Reactions 

o + H2S - HO + HS 2.7 X 10- 14 ±O.l 7.2 x ]O-12 exp (-1660IT) .j 250-500 ±150 
0+ CS- CO + S 2.1 X 10-11 ±O.l 2.7 x 10- 10 exp(-760!T) 150-300 i ±250 

J. Phys. Chern. Ref. Data, Vol. 9. Nc. 2, 1980 
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Summary of preferred rate data (continued) 

k298 Temp. dependence of Temp. A (EIR)/ 
Reaction cm3 molecule- 1 S-1 Alog k298 kl cm3 molecule- 1 S-1 range/K K 

o + OCS - so + CO 1.4 X 10-14 ±0.2 2.6 x 10- 11 exp(-2250/T) 220-600 ±150 
o + CS2 - SO + CS I - CO + S2 5.5 X 10-12 ±0.2 5.8 x 10- 11 exp(-7001T) 200-500 ±100 

- OCS + S 
o + S02 + M - S03 + M 1.4 X 10-33 [N2 ](ko) ±0.3 4.0 x 10-32 exp( -IOOOIT) 200-400 +200 -100 
HO + H2S- H20 + HS 5.3 X 10-12 ±0.1 1.1 x moll exp(-225.11') . 250-400 ±225 
HO + OCS - products $ 6 x 10-14 +0.7 -, 
HO + CS2 - products $ 2 X 10-13 +0.7 -, 
HO + S02 + M - HOS02 + M 3 X 10-31 [N2] (ko) ±0.3 3 X 1O-31(TI300r 2 ,9 [N2] 200-400 

2 x 10-12 (k",) ±0.4 2 x 10-12 200-400 
H02 + S02 - products No recommendation 

(see data sheet) 
5 + O2 -+ 50 + 0 2.0 X 10-12 ±0.15 2.0 x 10-12 230-400 ±100 
5 + 0 3- SO + O2 1.2 X 10-11 ±0.3 
HS + O2 - HO + SO No· recommendation 

( .. ee data .. heet) 

CS + O2 - CO + SO} No recommendation 
- OCS + 0 (see data sheet) 

SO + O2 - S02 + 0 9 X 10-18 ±0.5 6 x 10- 13 exp(-33OOIT) 300-1000 ±5OO 
SO + 0 3 -+ 502 + O2 6 X 10- 14 ±O.3 2.5 X 1O- 12 exp(-1l00IT) 220-300 ±400 
50 -t- N02- 502 -t- NO 1.4 x 10 " ±U.3 
503 + H20 - products No recommendation 

(see data sheet) 
CHa0 2 + 502 - CH3 0 + SOa} No recommendation 

- CHS 0 2 S02 (see data sheet) 
OCS + h JI - products See data sheets 
CS2 + h JI - products See data sheets 

FO.:r Reactions 

0+ FO- O2 + F 5 X 10-11 ±0.5 
o + F02 - O2 + FO 5 X 10-11 ±0.7 
O(ID) + HF - HO + F J 

_ 0(3P) + HF 1 X 10-10 ±0.5 

F+H2-HF+H 2.5 x 10- 11 ±0.2 2.0 x 10-10 exp(-6.201T) 200-400 ±25O 
F + O2 + M - F02 + M 1.1 X 10-32 [N2 ](ko) ±0.3 l.l x 1O-32 (TI300t 2•0 [N2 ] 270-360 

3 x 10- 11 (k",) ±0.5 3 x 10- 11 200-400 
F + 0 3- FO + O2 1.3 X 10- 11 ±0.3 2.8 x 10- 11 exp(-2261T) 250-365 ±200 
F + H20- HF + HO 1.1 X 10- 11 ±0.5· 2.2 x 10- 11 exp(-2001T) 240-360 ±200 
F+C~-HF+CH3 8 x 10-11 ±0.2 3.0 x 10-10 exp(-400IT) 250-450 ±15O 
FO+03-F+202 } No recommendation 

-F02 + O2 (see data sheet) 
FO + NO - F + N02 2 X 10-11 ±0.5 
FO + N02 + M - FON02 + M 1.7 X 10-31 [N2 ](ko) ±0.7 1. 7 x 10-31 (TI300)-3.0 [N

2
] 200-400 

1.2 x 10-11 (k",) ±0.4 1.2 x 10:-11 200-400 
FO + FO - 2F + O2 } 

-F02 +F 1.5 x 10- 11 ±0.3 
-F2 +02 

HF + h JI - products See data sheets 
COF. + h .. ~ products Scc data ehccte 

FON02 + hv~products 5ee data sheets 

C10.:r Reactions 

o + HCl - HO + Cl 1.4 x 10-16 -t-OR 1.1 :x 10-11 e"p( -337OJT) 293-718 :!::350 
o + CIO - O2 + CI 5.0 x IO- Il ±0.1 7.5 x 10-11 exp(-1201T) 220-425 ±120 
o + CION02 -+ CIO + N03 } 

- OCIO + N02 1.9 X 10-13 ±0.1 3.0 X 1O-12 exp(-8081T) 213-295 ±200 
- O2 + CIONO 

OeD) I CF2 C12 ...... CIO + CF2 CI } 

- OfP) + CF2Cl2 
2.8 x 10-10 ±0.3 

O(ID) + CFCl3 - ClO + CFCl2 } 
- OfP) + CFCl3 

3.5 X 10-10 ±0.2 

O(ID) + CC~ - CIO + CCl3 } 
. - OfP) + CC~ 

4.8 X 10- 10 ±0.2 

CI + H2 - HCl + H 1.8 X 10-14 ±0.2 4.7 x 10-11 exp(-2340IT) 210-1070 ±200 
CI + H02- HCl + O2 4.1 X 10- 11 ±0.3 
C] + H20 2- HCl + H02 4.3 X 10- 13 ±0.2 1.1 x 10-11 exp(-9801T) 265-424 ±5OO 
CI + 0 3 - C]O + O2 1.2 X IO- Il ±0.06 2.7 x 10- 11 exp(-257IT) 205-298 ±100 

.CI + CH. - HC] + CH3 1.04 X 10- 13 ±0.06 9.9 x 10-12 exp(-136OIT) 200-300 ±15O 
CI + C2Bs - HCI + C2H5 5.7 X 10-11 ±0.06 7.7 x 10-11 exp(-90IT) 220-350 ±100 
CI + HCHO - HCI + HCO 7.3 X 1O-1l ±0.06 7.9 x 10-11 exp(-34/T) 200-500 ±100 
CI + HONO. - HCI + N03 $ 7 X 10-15 +0.3 -2.5 
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Reaction 

CI + CH3CI - HCI + CH2 CI 
CI + CION02 - CI2 + N03 } 

-+ CIONO + CIO 
HO + HCI- H2 0 + CI 

HO + CIO - H02 + CI I 
-> Hel -I- O¥ 

HO + CION02 - HOC} + NOa \ 
- HOz + CIONO f 
- HNOa + CIO 

HO + CHaC1- H2 0 + CH2 e} 
HO + CHF2 Cl- H2 0 + CF2 Cl 

HO + CHFCI2 - Hz 0 + CFCIz 
HO + CHaCCIa - H2 0 + CH2CCla 
CIO + H02 - HOCI + 0 2 } 

-HCI + 0 3 

CIO + NO- CI + N02 
CIO + N02 + M- CION02 + M 

HOCl + h v - products 
COFCI + h v - products 
CION02 + h v _ products 

COClz + h v - products 
CF2 CI2 + h v - products 
CFCIa + h v - products 
CC~ + h v - products 

BrO.1; Reactions 

o + HBr - HO + Br 
o -I- BrO ..... O2 -I- Br 

Br + HOz - HBr + O2 

Br + H2 0 2 - HBr + HOz 
Br + 0 3 - BrO + O2 

HO + HBr- H20 + Br 
HO + CHaBr- H20 + CHzBr 
BrO + HOz - HOBr + O2 } 

- HBr + 0 3 

BrO + NO- Br + N02 

BrO + N02 + M_ BrON02 + M 

BrO + Os - Br + 202 

BrO + CIO - Br + OCIO 

- Br + CI + 02} 
-+ BreI + 0" 

BrO + BrO - 2Br + O2 } 

- Br2 + O2 
BrO+ hv - products 
HOBr + hv - products 
BrONO~ + h v - products 

Substance 

H 
H2 
o 
O(lD) 
O2 

02(lIJ.) 
02(1I) 
0 3 

HO 

BAULCH ET Al. 

Summary of reactions and preferred rate data (continued) 

k298 
cm3 molecule- I S-I 

4.9 x 1O-1a 

2.2 X 10- 13 

6.6 x 10- 13 

9.1 x 10-12 

3.9 X 1O- 1a 

4.1 x 10-14 

4.4 x 10 10 

2.8 x 10- 14 

1.2 x 10- 14 

5.2 X 10-12 

1.B X 10- 11 

1. 7 X 1O-a1 [N2 ](ko) 
1.2 x 10- 11 (k.,) 
See data sheets 
See data sheets 
See data sheets 
See data sheets 
See data sheets 
See data sheets 
5ee data sheets 

3.9 x 10-14 
3 y 10- 11 

1 X 10- 11 

s 2 X 10- 14 

1.1 X 10- 12 

8.5 x 10- 12 

3.8 x 10-14 

5 X 10-12 

2.1 X 10- 11 

3 X 10-31 [N2 ](ko) 

< 
1.2 x 10- 11 

5 X 10..,15 
6.7 x 10-12 

6.7 X 10-12 

2.8 X 10-12 

See data sheets 
See data sheets 
See data sheets 

217.997 
o 

249·17 
438.9 

o 
94.3 

156.9 
142.7 

39.0 

(k.,) 

IJ.}og k298 I 
±O.l 

±O.3 

±O.06 

±0.3 

±0.2 

±O.l 
::to.l 

±O.l 
±O.IS 

±O.2 

±O.l 
±O.l 
±0.4 

±0.2 
±0.5 
:t:0.7 
+o.a 
-].7 

±O.l 
±O.S 
:t:O.l 

±O.S 

±O.l 
±O.4 
:t:O.4 
+0.5 
-1 

±O.3 

:t:0.3 

±O.l 

Appendix I 

Enthalpy data 

Temp. dependence of 
kl cm3 molecule- I 8- 1 

3.4 x 10- 11 exp (-12601T) 

1.7 x 10-12 exp( -610ff) 

3.0 x 10- 12 exp(-425IT) 

1.2 x 10- 12 exp( -330/T) 

2.2 x 10-12 exp(-1l40/T) 
1.3 x 1U .. exp\ - H>lOfT) 

1.5 x 10-12 exp (-1l801T) 
5.1 x }O- 12 exp ( - 18001T) 

B.9 x 10-12 exp(+21OIT) 
1.7 x 1O-a1 (Tl300)-a.0 [N2] 
1.2 x 10- 11 

7.0 x 10-]2 exp( -15601T) 

1.4 x 10- 11 exp(-7601T) 
8.5 x 10- 12 

7.6 x 10- 13 exp(-890IT) 

8.7 x 10-12 exp(+260/T) 
3 x 10-31 (TI300)-a.0 [Nz] 

1.2 x 10- 11 

2.8 x 10- 12 

216.03 
o 

246.78 
436.6 

o 
94.3 

156.9 
145.4 

38.7 
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Temp. 
range/K 

233-350 

224-273 

210-460 

246-387 

240-422 
24U-400 

240-400 
250-460 

227-415 
250-400 
200-400 

250-400 

220-360 
249-416 
244-350 

224-425 
200-400 
200-400 

220-440 

IJ.(EIR)/ 
K 

:t:200 

±400 

±100 

±200 

±200 
::t2OU 

±200 
±200 

±lOO 

±300 

±200 
±250 
±200 

±100 

±500 

Notes 

1 
1 
1 
2 
1 
2 
2 
3 
3 



Substance 

H02 

H2O 
H20 Z 

N 
N2 
NH 
NH2 
NH3 
NO 
N02 
NOa 
N2 0 
N2 0 4 

N20 5 

HNO 
HN02 

HNOa 
H02N02 
CH 
CHz 
CH3 

C~ 
CO 
CO2 
HCO 
CH20 
HCOOH 
CH30 
CH3 0 2 

CHaOH 
CHaOOH 
CHaONO 
CHaON02 
C2H5 

CzHs 
CH300CHa 
S 
Sz 
HS 
H2 S 
SO 
502 
SOa 
SOH 
HSOa 
CS 
CS2 
OCS 
F 
F2 
HF 
HOF 
FO 
FOz 
FONO 
FON02 
CF2 
CFa 
CF4 

FCO 
COF" 
CI 
Cl2 

HCI 
CIO 
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Enthalpy data (continued) 

AHC
f (298) 

kJ mol- 1 

2::t8 
-241.81 
-136.32 

472.68 
0 

343 
185 

- 45.94 
90.25 
33.2 
71 ::t 20 
82.05 

9.1 
11.3 
99.6 

- 79.5 
-135.06 
- 54::t 20 

594.1 
386 
145.6 

- 74.81 
-110.53 
-393.51 

37.6 
-108.6 
-378.6 

14.6 
7±8 

-200.7 
-131 
- 65.3 
-119.7 

107.5 
- 83.8 
-125.5 

276.98 
128.49 
146 ± 4 

- 20.63 
5.0 

-296.81 
-395.7 

21 ± 17 
-481 ± 25 

272 
117.2 

-142 
79.39 
0 

-273.30 
- 98 ± 4 

109:!: 8 

50 ± 12 
67 
10 

-182 ± 8 
-470 ± 4 
-933 
-170 ± 60 
-634_7 

121.30 
0 

- 92.31 
102 

AHCf(O) 
kJ mol-I 

5±8 
-238.92 
-130.04 

470.82 
0 

343 
188 

- 38.95 
89.75 
36.0 
77 ± 20 
85.50 
18.7 
23.8 

102.5 

- 74 
-125.27 

590.8 
386 
149.0 

- 66.82 
-lBJn 
-393.14 

37.2 
-104.7 
-371.6 

22.6 

-189.7 

- 52.6 
-103.4 

- 68.3 

274.72 
128.20 
145 ± 4 

- 17_70 

5.0 
-294.26 
-390 

268 
116.6 

-142 
77.28 
0 

-273.26 
- 95 ± 4 

109 ± 8 
52 ± 12 

18 
-182 ± 8 
-468 ± 4 
-927 
-170 ± 60 
-631.6 

119.62 
0 

- 92.13 
102 

Notes 

2 
1 
3 

2 
7 
1 
3 
3 
4 
3 
4 
3 
4 
3 
3 
8 
4 
6 
4 
3 
1 

1 
9 
2 
3 
9 

10 
3 
9 
9 
9 
2 
2 
9 
1 
1 

11 
3 
5 
1 
3 

11 
12 
11 
3 
3 

6 
9 
9 

13 
4 
4 
4 

18 
4 
3 

I 
1 
1 
2,14 
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Enthalpy data (continued) 

AHOf (298) AHOf(O) 

Substance kJ mol-1 kJ mol- 1 Notes 

CIOO 89 ± 5 91 2,14 

OCIO 97 ± 8 100 ± 8 14,15 

Cl2 0 81.4 83.2 15 

HOCI - 78 - 75 2,16 

CINO 51.7 53.6 6 

CIN02 12.5 18.0 3 

CIONO 83 17 

CION02 26.4 15 

FCI - 50.7 - 50.8 4 

CCl 502 ± 20 498 ± 20 4 

CCl2 238 ± 20 237 ± 20 4 

CCl3 79.5 80.1 4 

CC4 - 95.8 - 93.6 18 

CHCla -102.9 - 98.0 18 

CH2 Cl 125 19 

CH2 C12 - 95.4 - 88.5 18 

CH3 CI - 82.0 - 74.0 18 

CICO - 17 9 

COCl2 -220.1 -218.4 2 

CFCI 30 ± 25 30 ± 25 24 

CFCl2 -96 20 

CFC1a -284.9 -281.8 21 

CF2 Cl -269 20 

CF2 Cl2 -493.3 -489.1 21 

CFaCl -707.9 -702.9 21 

CHFCl2 -284.9 -279.5 21 
CHF2 Cl -483.7 -477.4 21 

COFCl -427 ± 33 -423 ± 33 4 

C2 C4 - 12.4 - 11.9 4 
C2 HCl3 - 7.8 - 4.3 3 

CH2 CCla 45 ± 30 25 

CHaCCla -142.3 -145.0 22 
Br 111.86 117.90 1 
Br2 30.91 45.69 1 
HDr 36.38 - 28.64- 1 

HOBr 80 ± 8 9 
BrO 125 133 3 
BrNO 82.2 91.5 3 
BTONO", 20 ± ~o 20 

BrCl 14.6 22.1 4 
CH2 Br 163 19 
CHaBr 37.7 22.3 23 

Notes 

1. CODATA Recommended Key Values for ThermodynamiCs, 1977, 
J. Chern. Thermodynamics 10,903 (1978). See also CODATA 
Bulletin No. 28, ICSU CODATA, Paris (1978). 

2. DomalSiki, E. S., Garvin, D. and Wagman, D. D., Appendix 1 ;n 
Hampson, R. F. and Garvin, D., Nat. Bur. Stand. (U.S.), Spec. 
Pub!. 513 (1978). 

3. Wagman, D. D., Evans, W. H., Parker, V. B., Halow, 1., Bailey, 
S. M. and Schumm. R. H .. Nat. Bur. Stand. (U.S.), Tech. Note 
270-3 (1968). 

4. JANAF Thermochemical Tables, 2nd Edition, Stull, D. R. and 
Prophet, H., NSRDS-NBS 37, Catalog No. C.48;37, U. S. Gov
ernment Printing Office, Washington, D.C. (1971). 

5. JANAF Thermochemical Tables, 1974 Supplement, Chase, M. W., 
Curnutt, J. L., Hu, A. T., Prophet, H., Syverud, A. N. and 
Walker, L. C., J. Phys. Chern. Ref. Data 3,311 (1974). 

6. JANAFThermochemical Tables, 1975 Supplement, Chase, M. W., 
Curnutt, J. L., Prophet, H., McDonald, R. A. and :Syverud, A. 
N., J. Phys. Chern. Ref. Data 4, 1 (1975). 
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7. Tsang, W., Int. J. Chern. Kinet. 10,41 (1978). 
8. Based on activation energy values for decomposition reported in 

Graham, R. A., Winer, A. M. and Pitts, J. N., Chern. Phys. Lett. 
51,215 (1977) and J. Chern. PhylO., 68,4505 (197B); Cox, R. A., 
Derwent, R. G. and Hutton, A. J. L., Nature (London) 270,328 
(1977). 

9. Benson, S. W., Thermochemical Kinetics, Second Edition, John 
Wiley and Sons. New York (1976). 

10. Based on equating O-H bond strengths in HOOH and CHsOOH. 
11. Benson, S. W., Chern. Rev. 78,23 (1978). 
12. Based on equating S-OH bond strengths in HOS and H2 S04 , 

13. Based on equating FO-N bond strengths in FONO and FON02 • 

14. Clyne, M. A. A., McKenney, D. J. and Watson, R. T., J. Chern. 
Soc. Faraday Trans. 1 71,322 (1975). 

15. Alqasmi, R., Knauth, H.·D. and Rohlack, D., Ber. Bunsenges, 
Phys. Chern. 82,217 (1978). 

10. Mohna, L. T. and Molma, M. J., J. Phys. Chern. 8Z, 2410 (1978). 
17. Based on equating CIO-N bond strengths in ClONO and ClONOl.!. 
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18. Rodgers, A. S., Chao, J., Wilhoit, R. C. and Zwolinski, B. J., J. 
Phys. Chern. Ref. Data 3, 117 (1974). 

19. DeCorpo, J. J., Baufus, D. A. and Franklin, j. L., 1. Chern. 
Thermodynamics, 3, 125 (1971). 

20. Kerr, J. A. and Trotman-Dickenson, A. F., Strengths of Chemical 
Bonds in CRC Handbook of Chemistry and Physics, 59th Edi
tion, R. C. Weast, Editor, F-219-F-247, CRC Press, Inc. (1978). 

21. Chen, S. S., Wilhoit, R. C. and Zwolinski, B. J., 1. Phys. Chern. 
Ref. Data 5,571 (1976). 

22. Chao, j., Rodgers, A. S., Wilhoit, R. C. and Zwolinski, B. J., J. 
Phys. Chern. Ref. Data 3, 141 (1974). 

23. Kudchadker, S. A. and Kudchadker, A. P., J. Phys. Chern. Ref. 
Data 4, 457 (1975). 

24. Estimated value. Based on average C-F and C-Cl bond strengths 
in CF2 and CCl2. 

25. Estimated value. Based on equating H-CH2 bond strengths in 
CH3 CCl3 and CH3 CHCI2 • 

26. Estimated value. Derived from bond energy considerations for 
CION02 • 
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Appendix II 

Conversion Tables 

Equivalent second order rate constants 

~ cm3 dmS m3 cm:! (mm Hg)-I atm- I ppm-I 
m2 kN-I S-I 

mol--I S-I mol-I S-I mol-I S-I molecule-I S-I S-1 S-I min-I 

I cm3 mol- l S-I = I 10-3 10-6 1.66 1.604 1.219 2.453 1.203 
X 10-24 X 10-5 T-l X 10-2 T-I X 10-9 X 10-4 T-I 

1 dm3 mol-I S-I= 103 /1 10-3 1.66 1.604 12.19 T-I 2.453 1.203 
X 10-21 X 10-2 T-I X 10-6 X 1O-1T-l 

1 m3 mol-I S-1 = 106 103 I 1.66 16.04 T-I 1.219 2.453 120.3 T-l 
X 10-18 X 104 T-I X 10-3 

I cm3 molecule-I S-I = 6.023 
1
6.023 6.023 I 9.658 7.34 1.478 7.244 

X 1023 i X 1020 X 1017 X 1018 T-I X 1021 T-l X 1015 X 1019 T-I 

I (mm Hg)-1 S-1 = 6.236 \62.36 T 6.236 1.035 1 760 4.56 7.500 
X 104T I X 10-2 T X 10-19 T I X 10-2 

I 

1 atm-I S-1 82.06 T 8.206 8.206 1.362 1.316 I 6 X 10-5 9.869 
X 10-2 T X 10-5 T X 10-22 T X 10-3 X 10-3 

1 ppm-I min-I = 4.077 4.077 407.7 6.76 21.93 1.667 1 164.5 
at 298 K, 1 atm X 108 X 105 X 10-16 X 104 

total pressure 

1 m2 kN-1 S-I= 8314T 8.314 T 8.314 1.38 0.1333 101.325 6.079 I 
X 10-3 T X 10-20 T X 10-3 

To convert a rate constant from one set of units A to a new set B find the conversion factor for the row A under column B and multiply the 
old value by it. e.g. to convert cm3 molecule-l S-I to m3 mol-I S-I multiply by 6.023 X 1017• 

Table adapted from High Temperature Reaction Rate Data No.5, The University, Leeds (1970). 

Equivalent third order rate constants 

~ em 6 dm 6 m6 em6 (mmHg)-2 atm- 2 ppm- 2 m 4 kN-2 S-1 

mol- 2 S-I mol- 2 S-1 mol- 2 S-I molecule - 2 5 - I S-l S-I min- l 

1 cm 6 mo}-2 s -l= 1 10-6 10- 12 2.76 X 10-48 2.57 1.48 1.003 1.447 
X 10-10 T-2 X 1O-4T-2 X 10- 19 X 10-8 T-2 

1 dm B mol- 2 6- 1 = 106 1 10- 6 2.76 X 10-42 2.57 148 T-2 1.003 1.447 
X 10-4 T-2 X 10- 13 X 10-2 T-2 

1 m6 mol- 2 s- l = 1012 106 1 2.76 X 10- 36 257 T-2 1.48 1.003 1.447 
X 108 T-2 X 10-1 X 104 T-2 

1 cmBmolecule-z 5- 1= 3.628 3.628 3.628 1 9.328 5.388 3.64 5.248 
X 1047 X 1041 X 1035 X 1037 T-2 X 1043 T-2 X 1028 X 1039 T-2 

1 (mm Hg)-Z $-1 = 3.89 3.89 3.89 1.07 X 10-38 P 1 5.776 3.46 56.25 
X 109 T2 X 103 f2 X 10-3 T2 X 105 X 10-5 

1 atm- 2 s- 1 = 6.733 6.733 6.733 1.86 1.73 1 6 X 10-11 9.74 
X 103 f2 X 10-3 r~ I X 10-9 T2 X 10-44 P X 10-6 X 10-5 

I ppm -2 min -1 = at 298 K, 9.97 9.97 9.97 2.75 2.89 1.667 1 1.623 
1 atm total pressure X 1018 X 1012 X 106 X 10-29 X 104 X 1010 X 106 

1 m I kN-2 6- 1= 6.91 ( 6.91 T2 69.1 1.904 0.0178 1.027 6.16 1 
X 107 T2 X 10-5 T2 X 10-40 T2 

I 
X 104 x 10:'7 

See note to table for second order rate constants. 
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Conversion factors for units of optical absorption coefficients 

~ (Cross section 0") (atm at 273)-1 cm-I dm3 mol-I cm-I 
cm2 mol-I base IO cm2 molecule-I base e base e base 10 

1 (atm at 298)-1 cm-I base e = 4.06 X 10-20 1.09 10.6 1.06 X 104 

1 (atm at 298)-1 cm-I base 10 = 9.35 X 10-20 2.51 24.4 2.44 X 104 

1 (mm Hg at 298)-1 cm-I base 10 = 7.11 X 10-17 1.91 X I03 1.86 X 104 1.86 X 107 

1 (atm at 273)-1 cm-I base e == 3.72 X IO-20 1 9.73 9.73 X 103 

1 (atm at 273)-1 cm-I base 10 = 8.57 X 10-20 2.303 22.4 2.24 X 104 

1 dm3 mol-I cm-I base 10 = 3.82 X 10-21 0.103 1 I03 

1 cm2 mol-I base 10= 3.82 X IO-24 1.03 X IO-4 10-3 1 

1 cm2 molecule-I base e = 1. 2.69 X 1019 2.62 X 1020 2.62 X 1023 

To convert an absorption coefficient from one set of units A to a new set B, multiply by the value tabulated for row A under column B, e.g. 
to convert the value ofthe absorption coeHicient expressed in dm 3 moI-l cm- 1 base 10 to (atm at 273)-lcm- 1 base e, multiply by 0.103. 
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